Journal for Ancient Studies 


eTopoi 

Special Volume 4 (2015): Bridging the Gap. Integrated Approaches in Landscape 
Archaeology. Editorial., ed. by Daniel Knitter - Wiebke Bebermeier - Oliver 
Nakoinz, pp. i-viii. 


Daniel Knitter - Wiebke Bebermeier - Oliver Nakoinz 

Bridging the Gap - Integrated Approaches in 
Landscape Archaeology. Editorial 


Published February 2, 2017 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 


http://creativecommons.Org/licenses/by/3.0 





Daniel Knitter - Wiebke Bebermeier - Oliver Nakoinz 


Bridging the Gap - Integrated Approaches in 
Landscape Archaeology. Editorial 


I Session 

This special volume of eTopoi is dedicated to the proceedings of our session, Bridging the 
Gap - Integrated Approaches in Landscape Archaeology, held at the 3rd International Land¬ 
scape Archaeology Conference (LAC) 2014 in Rome, Italy.The initial idea for our session 
was that the discipline of landscape archaeology is a mixture of at least two Strands, result- 
ing from the amhiguous definition of the term landscape in the participating disciplines: 
one Strand thinks of landscape as a physical entity open to human Intervention, while 
the other thinks of landscape in terms of its social and cultural constructiveness. The 
contrihutions at the ist and znd Landscape Archaeology Conferences in Amsterdam and 
Berlin focused especially on the first Strand. Studies investigating the second Strand and 
discussions ahout an integration of hoth Strands are rare.^ Nevertheless, at the znd LAC 
zoiz in Berlin, there was a session on Theoretical Concepts in Landscape Archaeology that 
raised the issues of this skewed focus on the suhject and functioned as a platform to discuss 
the different disciplinary concepts and access points in landscape archaeology. For the 3rd 
LAC Z014 in Rome, our intention was threefold: (i) to cross-check the progress of the 
theoretical dehate, (z) to continue the discussion, though this time with a focus on the 
actual practices of the researchers, and (3) to Start a dehate ahout the pros and cons of 
approaches that aim to integrate hoth Strands of landscape archaeology. 


2 Integration 

It is common knowledge that landscape archaeology requires active collahoration among 
a hroad ränge of disciplines. The task of understanding landscapes as holistic entities ne- 
cessitates expertise from hoth the humanities and the Sciences. One success story has heen 
the multidisciplinary collahoration hetween geoscientists, who reveal information ahout 
environmental characteristics, and archaeologists, who investigate the traces of human 
occupation. The results from hoth are interpreted together in order to gain insights into 
natural as well as social dynamics.The Investigation of pollen and phytoliths, for instance, 
enahles researchers to gain information ahout the cultivated plants and Vegetation his- 
tory of an area. By collaborating with archaeologists and comhining the results of hoth 
disciplines, they are ahle to answer complex interrelated questions of how these specific 
characteristics were shaped hy the people who lived there. 

But there is more. Once an understanding of the interrelation has heen achieved, 
landscape archaeology must take a Step further and question what the results mean: What 
does interrelation mean to the investigated humans and societies? and Whatdoes interrelation mean 
to theparticipatingdisciplines? For example, what are the societal consequences of adaptation 
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practices? What are the societal prerequisites to facilitate adaptation? Which societies did 
adapt, and which did not? Is the means of adaptation related to the characteristics of 
landscapes in terms of their natural characteristics? Or is the pattem of adaptation related 
to the societal strategy of creating landscapes, a strategy that is not related to the natural 
characteristics of the investigated areas? There are many more questions of this type, and 
what they share is a shift in perspective from etic to emic. 

This shift in perspective forces us to rethink the meaning and explanatory value of our 
data. In the multidisciplinary Version of landscape archaeology, i.e., in its etic perspectives, 
data are used and analyzed hased on our discipline-specific paradigms. When we try to 
shift our focus to the emic perspective, it is these discipline-specific paradigms that need 
to he questioned. The Creative process is to think ahout research strategies and method- 
ologies from a different perspective; this is the moment when our interdisciplinary collah- 
oration in landscape archaeology comes in. Discussions ahout the suhject should Start at 
the level of method selection and data evaluation. If geoscientists can help archaeologists 
to see what they see, and vice versa, the collahorative landscape-archaeological mode of 
conducting research hecomes more fruitful, and the proposed interdisciplinary hermeneutics 
of Meier and Tillesen take place.^ 

These claims are not new, nor have they heen resolved. Challenges occur on the onto- 
logical and epistemological as well as the practical and personal levels. The contrihutions 
you will find in this special issue grapple with these questions in one way or another; 
reading them, it hecomes ohvious that there is no one appropriate way to conduct research 
in landscape archaeology. Rather,we see a potpourri of different approaches, ranging from 
the technical and computationally intensive to the more traditional approaches. What 
unites them is their aim: to investigate aspects relevant to humans, from an etic and emic 
perspective, during a time that is not directly accessihle to us now. 


3 Contrihutions 

3.1 Benefits of interdisciplinary work 

Nykamp et al. analyze LIDAR-hased digital elevation data, applying geographical and 
geomorphometric methods to relate particular morphological and hydrological charac¬ 
teristics to human activities in the vicinity of a Late Bronze Age fortification in Romania.^ 
Following the hypothesis that human activities result in a significant alteration of the relief 
and the development of particular morpho-hydrological characteristics, this contrihution 
shows how interdisciplinary work henefits from using landscape-archaeological questions 
as the driving guidelines for joint research. 

Wagalawatta et al. present an inventory of ancient quarries and reconstruct the land¬ 
scape development triggered hy the quarrying activities, comhining an archaeological 
survey of the ancient quarry sites in the hinterland of Anuradhapura, Sri Lanka with 
geoscientific knowledge."* Their interdisciplinary approach provides new insights into the 
infiuence of humans exploiting stones as a natural resource for construction material and 
their landscape. 

Thelemann et al. use a classical landscape-archaeological approach, settled at the in- 
tersection of archaeology and geography, as the methodological foundation to analyze the 
introduction of iron smelting to Lower Silesia, Poland, from an interdisciplinary perspec- 
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tive.^ The authors end their paper with the conclusion that the challenge of integrated 
approaches is “rather heing in the same hoat, having everyone rowing in the same direc- 
tion, than that of huilding a hridge.”^ 


3.2 New methodological approaches 

The natural character of a region influences the preservation conditions of archaeological 
artifacts and findings. Especially in dry regions like the European aeolian sand heit (North 
European Plain), the poor preservation conditions of archaeological remains impede the 
reconstruction of these long-settled traditional cultural landscapes. Groenewoudt intro- 
duces a new systematic methodological approach in his paper to integrate landscape- 
archaeological data from different landscape entities (in particular from drylands and 
neighhoring wetlands).^ His approach allows landscape archaeologists to systematically 
analyze landscapes with different characteristics and to integrate data from different scales. 

Groenhuijzen and Verhagen introduce a new set of GIS-hased tools as a means for 
the spatial analysis of local-scale transport during the Roman period in the Netherlands.* 
Their computational approach permits the integration of results from palaeogeography, 
physiology, and archaeology and sheds light on aspects of local to interregional transport 
during this period. 

Michel et al. investigate the potential Orientations toward topographic and/or astro- 
nomic points of two roundels located in Germany, specific archaeological sites that date to 
the Neolithic period.^ Besides the application of well-estahlished view-shed algorithms, 
the authors present a methodological approach to investigating the archaeo-astronomy 
setting of these roundels. Presenting a routine developed hy the researchers to match 
possihle astronomical features to palisade gaps, this contrihution enhances the variety of 
methodological approaches in archaeo-astronomy. Eurthermore, the authors highlight the 
meaning of a precise datahase that includes data from geophysical surveys and excavations. 

Addressing the prohlem of tracing the introduction of wool as a raw material for 
textile production, Schumacher et al. present an approach that also integrates data and 
methods from different scientific disciplines.^° In this paper, it is the thematic research 
focus, namely the analysis of spatial and temporal trajectories in the spread of the wool- 
hearing sheep, that constitutes the hridge hetween the different disciplines involved. 

Based on a case study on settlement strategies in Tuscany during the Bronze Age, 
the contrihution from Morahito sensitizes readers to (i) the integration of the senses of 
landscapes (religious,physical,etc.) to their inhahitants and (2) the meaning of comhining 
different scales and data sources in a GIS-hased analysis of a settlement pattem.'^ In their 
conclusion, the author addresses the different advantages of GIS-hased approaches as a 
framework to overcome the limitations of archaeological data. 


3.3 New scientists 

Eindholm et al. present a pedagogical approach to integrating the humanities and natural 
Sciences in the academic training of young scientists.'^ The foundation of the concept 
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introduced lies in the idea that training in landscape analysis, archaeology, and GIS, based 
on a deeply rooted theoretical Background, sustains students and young researchers to de- 
velop skills and methodological competences in analyzing and understanding landscapes 
in an interdisciplinary context. 


4 From Bridges to Pillars? 

The Compilation of contributions in this special issue addresses the question of how to 
bridge the gap between the humanities and the Sciences in landscape archaeology. The 
authors in this special issue address the following aspects of implementing integrated 
approaches: 

1. Negotiation and discussion of joint research questions for the development of a 
methodological research design^^ 

2. Relevance and applicability of GIS-based approaches to manage and organize ‘big’ 
spatial data, as well as the spatial and geostatistical tools for its analysis^^^ 

3. Integration of data of different scales and precision'^ 

4. Education of the young researcher^^ 

These categories address rather heterogeneous but nevertheless important aspects of a 
potential bridge in landscape archaeology and indicate that successful landscape archae- 
ological collaboration “cannot be achieved on the Basis of traditional archaeological re¬ 
search alone.”^^ Such a modern understanding of research helps to develop new methods 
that 

enable [landscape] archaeologists to obtain both a holistic perspective on ancient 
landscapes and to focus on specific issues and activities connected to ancient land¬ 
scapes. 

New questions can be stated and new insights achieved. Hence, “landscape [archaeologi¬ 
cal] research [...] is a collaborative learning process.”^^ This nicely indicates that landscape 
archaeologists are people characterized by continuous open-mindedness. As one person in 
the audience during the discussion on our session at LAC 2014 said: “Building bridges is 
not so much about theory. It is rather an endeavour of mutual respect and communication 
that enables shared questions and collaboration.” We hope that these activities continue 
and intensify. Perhaps this will build the foundation for a community of scientists who 
are able to develop a shared theoretical paradigm that no longer needs to ask questions 
about bridges, but constitutes itself as a “pillar” between the Sciences and the humanities 
- a challenging task for all integrative and holistic disciplines that has yet to be achieved.^® 
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The Whole Story. Bridging the Gap between 
Landscape-archaeological Data from Drylands 
and Wetlands 


Detailed historical reconstructions require high-quality data. In the traditionally densely 
settled higher and drier Pleistocene sandy areas (‘drylands’) of the North European Plain 
(the European aeolian sand beit) and comparable regions elsewhere evidence-based re¬ 
constructions are hampered by poor preservation of archaeological remains and archae- 
ologically relevant deposits. This problem can be partially solved by combining, on a 
microregional level, dryland data with data from nearby wetland pockets (‘wetlands’), 
in particular stream valleys. This asks for an integrated and systematic inventory of all 
available data. Eor this purpose an instrument was developed: the Landscape-Land use 
Diagram (LLAND). Because data from dry and wet contexts are to some degree supple- 
mentary, integrated analysis is essential for obtaining Information on the full ränge of 
economic and ritual practices. This is demonstrated by research carried out in the valley of 
the small river Regge (the Netherlands), the results ofwhich are being treated as a stratified 
landscape-archaeological sample. This paper does not focus on cultural Interpretation 
but on methodology, specifically the potential of data and the benefits of an integrated 
approach. 

Site preservation; landscape archaeology; alluvial archaeology; off-site archaeology; sam¬ 
pling strategy; LLAND diagram. 


I Introduction 

So far excavations in the dry Pleistocene sandy areas of the North European Plain (‘dry¬ 
lands’) have provided a glohally incomplete picture of the region’s Settlement, landscape 
and land use history. How may we improve this Situation? Conducting yet more excava¬ 
tions tends to contrihute little. This is in part a result of the prevalent archaeological re¬ 
search traditions, which for decades have concentrated on settlement studies whilst largely 
neglecting other archaeological phenomena, such as those related to off-site activity. To 
some extern this also applies to archaeological research in alluvial wetland contexts, which 
offen has a strong emphasis on techniques and methods rather than analysing data. How- 
ever, the current Stagnation in our studies of the past is largely due to poor preservation. 
Uncharred organic remains are rarely preserved in the deep Pleistocene sandy soils, which 
are characterised hy a low water tahle and acid, well-oxygenated soils.^ In the past an over- 
all lack of suitahle natural stone has led to the use of wood and other perishahle materials 
for construction of shelters/houses, with the result that all that remains of foundation 
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beams, posts, pits, ditches etcetera are discolorations in the soil, i. e. soil Features. Due to 
a combination of biotic and a-biotic processes even tbese soil Features Fade over time and 
may finally become completely invisible.^ 

Arcbaeological studies oF tbe scarce wetland contexts (‘wetlands’) in tbe same areas 
create a very different picture. Tbere, arcbaeological remains and organic deposits in- 
cluding palaeobotanical material are oFten exceptionally well preserved. Tbis makes tbese 
locations potentially bigbly important From a landscape arcbaeological perspective. At tbe 
same time tbe data tbese wetland contexts produce appear to be Fundamentally different 
From tbat From adjoining drylands^ to tbe extent tbat tbe two landscape zones seem 
worlds apart. Tbey certainly are in terms oF arcbaeological fieldwork; dryland and wetland 
locations are rarely investigated in conjunction. 

Tbis paper presents tbe outcome oF a test case exploring tbe Feasibility oF tbe integra- 
tion oF botb types oF data witbin a micro-regional context, and tbe potential oF such an 
approacb to enbance our insigbt in tbe cultural and landscape bistory oF areas wbere poor 
preservation conditions prevail. For tbis purpose a landscape-land use (LLAND) diagram 
was developed (see Material and Metbod section). 

Our researcb questions were twoFold: 

I) Wbat is tbe nature oF tbe relation between wetland and dryland data From tbe same 
area? 

z) Is an integrative approacb Feasible, and wbat are tbe potential benefits and limita- 
tions? 

From a metbodological perspective tbese questions are bigbly relevant to all areas 
wbere detailed cultural-bistorical and landscape-bistorical reconstructions are being bam- 
pered by poor preservation. Our pilot-study area was tbe valley oF tbe river Regge, in tbe 
east oF tbe Netberlands. 


2 Wetland pockets in dry landscapes 

Wetland arcbaeology undoubtedly ranks among tbe best preserved and most inFormative 
arcbaeology oF Nortb- and Nortb-west Europe.'^ Waterlogged conditions are especially 
widespread in lowland Coastal areas around tbe Nortb Sea, resulting in extremely well 
preserved arcbaeological sites, structures and deposits From various periods.^ However 
waterlogged conditions also occur in dry inland areas such as in tbe European aeolian 
sand beit (Fig. In tbis area wetland conditions survive predominantly in isolated 
depressions such as Pleistocene pingos and kettle boles, and in tbe valleys oF rivers and 
major brooks; oF tbe once vast mires, well known For tbeir prebistoric wooden trackways 
and votive depositions very little now remains. Especially in places wbere river valleys 
border on bigb and dry river dunes or coversand ridges, wbicb were usually densely settled 
during prebistory and in more recent periods, such ‘wetland pockets’ may contain rieb 
and generally well-preserved arcbaeology.^ 

In tbe Netberlands tbese recent insigbts mainly proceed From researcb carried out dur¬ 
ing tbe past two decades in tbe wake oFa large number oFnature (biodiversity and ecology) 
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Fig. I I The European aeolian sand beit (after Hilgers 2007 . Arrow indicates research area. 
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development schemes in stream valleys.* A systematic investigation, and protection, of 
this inland wetland archaeology has proved to be challenging because of its unpredictable 
nature and generally adverse researcb conditions. Nonetbeless substantial progress bas 
been made, resulting in predictive models of tbe distribution of arcbaeological pbenom- 
ena based on arcbaeological as well as bistorical-geograpbical patterns in areas contiguous 
to watercourses.^ Guidelines bave been developed to allow targeted researcb and improve 
effectiveness and cost-efficiency.^° Tbese guidelines differ from tbose defined by Howard 
and Macklin^^ and Howard et al}^ for tbe Holocene river valleys of Britain in tbat tbey 
are more ‘contextualized’: tbey proceed from a wider geograpbical and cultural-bistorical 
perspective (as suggested by Coles^^) and largely exclude formation processes. In Flanders, 
Deforce and Bastiaens'"* took on an inventory of palaeoecologically valuable deposits in 
wet contexts, ’value’ in tbis case being defined in terms of arcbaeological relevancy and 
potential to contribute to bistorical frames of reference on bebalf of nature development. 
Because of tbeir potentially bigb Information value tbe presence of such deposits in tbe 
Netberlands is one of tbe factors evaluated in site assessments in arcbaeological beritage 
management.^^ 

Wetland arcbaeology in tbe valleys of water courses in tbe European aeolian sand beit 
may seem very different from tbe arcbaeology of surrounding upland areas, but it sbould 
not be studied in isolation.^^ Tbe importance of integrating dryland and wetland data 
botb witbin (micro) regional and interregional contexts^^ can bardly be overestimated. 
Rensinke^rt/. specifically empbasised tbe importance of studying stream valleys not only 
from a long-term perspective but also as part of tbe wider cultural landscape. In tbis regard 
it is important to keep in mind tbat zones along small inland rivers were never settled by 
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‘people of the wetlands’^^, i.e. people living in and socio-economically interdependent 
with, wetland landscapes. In terms of land use the evidence from the waterlogged environ- 
ments discussed here mostly reflects specialized off-site activities that were limited to these 
stream valleys^’’; there are no indications of Settlement.^' The prohlematic distinction 
hetween ‘wet sites’ and ‘wetland sites’^^ is in the context of our research neither useful 
nor relevant. 


3 Material and method 

The potential of an integrative approach to dryland and wetland data was assessed hy using 
the detailed Information generated hy recent research carried out along the river Regge 
in the east of the Netherlands. The focus of the fieldwork was landscape archaeological, 
as recommended hy Gerritsen,^^ i. e. hroad in scope, interdisciplinary, and concentrating 
on the interaction hetween people and landscape from a long-term perspective.^'' This 
approach renders the generated dataset particularly suitahle to provide answers to our 
research questions. Our analysis will focus on the presence and potential of the data, not 
on cultural Interpretation. The dryland data derive from some of the large river dunes 
along the Regge valley, the wetland data from adjoining locations or from elsewhere in the 
valley. The dataset will he treated as a stratified sample of the entire Regge valley (Fig.j^. 
Level I of this stratigraphy consists of a 5km-long section of the river valley near the village 
ofNijverdal (5km-Nijverdal section; Fig.j^. Level 2 consists of all studied locations within 
this section, while suhsamples from the locations that were studied in detail for various 
reasons form Level 3 (Fig.|^. In specific suh-zones artefacts were collected stratigraphically 
hy Screening the soil. 

After hriefty introducing our research area and presenting an inventory of the availahle 
data (Tahle 0 we will reftect on the potential henefits (and limitations) of comhining 
datasets. In order to facilitate this analysis the instrument of a Landscape-Land use Dia- 
gram (LLAND) was developed, which for each context separately (wetland and dryland) 
presents a diachronic overview of all availahle landscape and land use data (Fig.j^. Land¬ 
scape data encompass hoth natural and anthropogenic phenomena and processes. The 
diagram only includes presence/ahsence for each data category; numhers hetween hrack- 
ets refer to individual datasets listed in tahle 1 . We will not discuss them in detail here.^^ 
All scientific dates have heen summarised in Tahle The results of the comhination of 
hoth datasets were qualitatively tested for general applicahility hy comparing them to data 
from similar regions. The term ’river’ in this paper refers to any medium to small natural 
watercourse, including those that might more properly he called a hrook. 

Most of the data derive from recent excavations at Nijverdal-Eversherg, further re- 
ferred to as ‘Eversherg’^^ and Nijverdal-Zuna’s Hooilanden, further referred to as ‘Zuna!^"^ 
Although hoth were rescue excavations, they were guided hy specific, multidisciplinary 
questions regarding the reconstruction of long-term interaction patterns hetween land use 
and landscape, with a focus on phenomena of an as yet uncertain nature and age. Con- 
sequently field strategies needed to he fiexihle. Specialist input included archaeohotany, 
archaeozoology, geomorphology, physical geography and micromorphology, and was sup- 
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Fig. 2 I Stratified landscape archaeological sampling. 


plemented by radiocarbon and dendrocbronological dadng. Small-scale researcb was car- 
ried out at Nijverdal-Groene Mal,^^ Nijverdal-Velderberg^^ and Nijverdal-Veldkamp.^® 
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DRY 

WET 

data 

I 

X 


physical geogmphy, geomorphology 

2 

X 


arablefarming: ‘Plaggen’ Soil (Late-Post Medieval) 

3 

X 


pedology: wind erosion (Middle-Late Bronze Age) 

4 

X 


palaeobotany: Vegetation (Middle Mesolithic) 

5 

X 


archaeobotany: Vegetation (Middle Ages) 

6 

X 


hunter-gatherer activity (Middle-Late Mesolithic) 

7 

X 


hunter-gatherer activity (Middle-Late Mesolithic) 

8 

X 


Settlement (Middle Neolithic) 

9 

X 


Settlement (Late Neolithic) 

IO 

X 


Settlement?(Middle Bronze Age) 

II 

X 


Settlement (Late Bronze Age) 

12 

X 


arable farming: plough marks (Middle-Late Bronze Age and/or Iron Age) 

13 

X 


Settlement (Late Iron Age) 

14 

X 


Settlement? (Early-Middle Roman period) 

15 

X 


hunter-gatherer activity (Late Palaeolithic-Early Mesolithic) 

16 

X 


charcoal burning: charcoal kilns (Middle Ages) 

17 


X 

palaeobotany: Vegetation (Late Neolithic) 

18 


X 

fluvial activity (Early Neolithic) 

19 


X 

fluvial activity (Late Neolithic>) 

20 


X 

fluvial activity (Middle Bronze Age) 

21 


X 

physical geography, fluvial activity (Late Mesolithic- Early Neolithic, Iron Age) 

22 

+ 

X 

palaeobotany: (human impacton) Vegetation (Early-Middle Neolithic) 

23 

+ 

X 

palaeobotany: (human impact on) Vegetation (Late Bronze Age-Roman period) 

24 

+ 

X 

pedology: wind erosion (Middle Bronze Age) 

^5 

+ 

X 

pedology: wind erosion (Middle-Late Iron Age) 

26 


X 

palaeobotany: woodland management (Early Medieval) 

2-7 


X 

hunter-gatherer activity (Late Mesolithic-Early Mesolithic) 

28 


X 

ritual activity: ritual deposition (Late Neolithic) 

29 


X 

ritual activity: ritual deposition (Middle-Late Iron Age) 

30 

+ 

X 

archaeozoology: animal husbandry (Middle-Late Iron Age) 

31 

+ 

X 

Settlement (Late Neolithic) 

32 


X 

Infrastructure: wooden trackway (Middle Neolithic) 

33 


X 

Infrastructure: wooden trackway (Late Neolithic) 

34 

+ 

X 

Settlement (?Neolithic-Middle Bronze Age) 

35 

+ 

X 

Settlement Middle Bronze Age 

36 


X 

flshing: flsh weirs (Late Neolithic) 

37 


X 

flshing: flsh weirs (Early Bronze Age) 

38 


X 

flshing: flsh weirs (Early Iron Age) 

39 


X 

infrastructure: wooden trackway (Early Middle Ages) 

40 

+? 

X 

hunter-gatherer activity (Late Mesolithic) 

41 

+ 

X 

Settlement (Middle-Late Iron Age) 


Tab. I I Origin (x) and character of the available datasets from the 5km-Nijverdal section of the river Regge. 
Datasets from wetland contexts marked + provide important land use information concerning nearby dry 
land. 


4 Context: the Regge valley 

The fest area is part of the valley of the river Regge, a small stream which cuts into 
the Pleistocene sandy soils of the eastern Netherlands, shaped largely by the combined 
action of wind, water and ice during the last two ice ages, the Saalian and Weichselian.^^ 
Düring the coldest phase of the Weichselian (Younger Dryas) the Regge was a braided 
river in a relatively wide floodplain, with many shoals and several channels. During dry 
periods quantities of sand in the floodplain would he deflated to form elongated dunes 
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Fig. 3 I The location of the 
5km-Nijverdal section of the 
river Regge (red square): Sample 
level I. 



Fig. 4 I Eversberg. Excavated area (Sample level 2) and distribution of pottery within sieve-sample area 
(Sample level 3); after Gerrets, Opbroek, and Wiliams; 


2012 . 


alongside the valley. These sandy ridges can he up to several hundred metres wide and 
several kilometres long, and today they are still raised ca. 5m ahove the valley hottom. 
The dunes are asymmetrical: steep towards the river, gently sloping on the other side. 

Large-scale (aeolian) sand drifting slowed down hy the early Holocene (ca. 9700BC) 
as postglacial climatic amelioration gained pace; Vegetation colonised and stahilised the 
uneven dune landscape, and the Regge hecame a meandering stream with only one main 
channel. As a result of erosion of the outer hends and Sedimentation in the inner hends 
the course of the river gradually migrated downstream, while meandering caused further 
erosion of the valley hottom and edges. Sediments within the river channel are mainly 
composed of sandy channel deposits and peaty and loamy gully infills. 
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Location 

Lab. Code 

Information 

LS: landscape 

LU: land use 

14 C BC/AD 

probability 

95.4% 

Dendro¬ 

chronology 

BC 

OSL BC 

EV 

SUERC-35691 

LS/LU 

6070-5985 



EV 

KIA44265 

LS/LU 

6211-6026 



EV 

KIA44266 

LS/LU 

6379-6239 



EV 

SUERC-35690 

LU 

7330-7080 



EV 

KIA44264 

LU 

1489-1321 



EV 

KIA44268 

LU 

509-388 



EV 

KIA44267 

LU 

1029-981 



EV 

SUERC-35692 

LU 

AD1160-1010 



EV 

SUERC-35693 

LU 

AD1260-1040 



EV-GM 

KIA37873 

LS/LU 

404-212 



EV-GM 

KIA37874 

LS/LU 

2135-1946 



EV-GM 

KIA37966 

LS/LU 

366-185 



EV-GM 

KIA44260 

LS 

351-55 



EV-GM 

KIA44261 

LS 

161-19 



EV-GM 

KIA44262 

LS 

399-232 



EV-GM 

KIA44263 

LS 

399-208 



GM 

UtC-13179 

LS 

6215-6021 



GM 

UtC-13246 

LS 

3941-3665 



EV 

X5058 

LS/LU 



1400-740 

EV 

X5059 

LS/LU 



I75O-IOIO 

EV 

NCL-76II087 

LS/LU 



370-270 

EV 

NCL-76II088 

LS/LU 



1560-1.000 

ZU 

IEN003I 

LS 


ca. 5156 


ZU 

GrA 52640 

LS/LU 

AD 692-8 8 7 



ZU 

GrA 52784 

LU/LS 

768-431 



ZU 

GrA 52616 

LU/LS 

788-537 



ZU 

GrA 52783 

LU/LS 

774-434 



ZU 

GrA 52617 

LU/LS 

2110-1889 



ZU 

GrA 52119 

LU/LS 

2463-2211 



ZU 

GrA 52 621 

LS/LU 

AD771-947 



ZU 

GrA 52622 

LU/LS 

771-43I 



ZU 

GrA 52 623 

LS/LU 

AD771-947 



ZU 

GrA 52635 

LU/LS 

3991-3800 



ZU 

GrN-20182 

LU 

4310-3826 



ZU 

GrN-20183 

LU 

3942-3532 



zu 

zul 01.0 

LU/LS 


ca. 3898 


zu 

zul 02.2 

LU/LS 


ca. 3898 


zu 

zul 03.1 

LU/LS 


ca. 3901 


zu 

zul 06.1 

LU/LS 


ca. 3889 


zu 

zul 09.1 

LU/LS 


ca. 3887 


zu 

zul 07A 

LU/LS 


ca. 2246 


zu 

zul 08.0 

LU/LS 


ca. 3561 


zu 

UtC-3102 

LU 

1613-1450 



zu 

UtC-3103 

LU 

1671-1442 




Tab. 2 I Scientific dates from the 5km-Nijverdal section of the river Regge: radiocarbon, dendrochronology, 
OSL. Italic: unreliable date. Locations: EV: Eversberg (Gerrets, Opbroek, and Wiliams: 


2012 : EV-GM: 


Eversberg-Groene Mal: Willemse 2005a| ZU: Zuna (Groenewoudt 2002b| Dyselinck, Moser, and Witte 


The Regge has always been a habitable corridor through otherwise mostly marshy 
lands which until well into the Middle Ages were virtually uninhabited.^^ In prehistory 
the higher grounds along the river were already densely settled. Both in landscape and 
in archaeology the upper course of the Regge differs fundamentally from the river’s mid- 
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Fig. 5 I Landscape-land use (LLAND) diagram of the river Regge (5kni-Nijverdal section) showing the 
general Information potential of all available data. Landscape: geomorphology, soll, Vegetation. Land use: 
human activity. For archaeological dates the maximum ränge is listed, for radiocarbon dates the 2-sigma 
ränge (95.4% probability). Numbers in the diagram refer to datasets in Table 1 . 


die section, the location of the 5km-Nijverdal section. Upstream the still narrow river 
meandered through a wide floodplain in which many coversand ridges were the only 
permanently dry locations. Here, virtually the only archaeological remains are traces of 
Late Palaeolithic and Mesolithic hunter-gatherer activity and of dispersed (post)medieval 
Settlement. In its middle and lower sections, on the other hand, the Regge flows through 
a valley hemmed in hy elongated river dunes. The archaeology in this section is much 
more varied and suggestive of a much longer settlement history. 
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5 Different data 

Our data show that dryland and wetland data from the Regge valley are indeed very 
different, and functionally to some extent even complementary. This may be a product 
of a Situation in which one of these landscape zones was not exploited in certain periods, 
or at least not in an archaeologically visible manner. However, tbe specific nature of tbe 
arcbaeological pbenomena found in wetland contexts strongly suggests tbat tbe wetland- 
dryland discrepancy reflects bistorical reality. It bas also been establisbed tbat alluvial 
wetland contexts may contain evidence for buman activity from periods of wbicb imme- 
diately adjoining bigber grounds contain absolutely no trace. As we know only too well, 
bowever, absence of evidence (artefacts, structures) does not equal evidence of absence (of 
buman activity). 

Reversely, in otber cases tbe bigber areas along a water course turn out to bave been 
tbe scene of intensive buman activity wbicb is also detectable in depressions as debris and 
blown-out fields but wbicb bas left no palynological markers. Tbis Situation is almost 
certainly tbe result of tbe - at tbat time - overall dense woodland Vegetation in tbe valley, 
wbicb blocked tbe distribution of pollen in tbis direction.^^ Witb regard to tbe large-scale. 
Late Bronze Age sand drifts at tbe Eversberg, an example of antbropogenic landscape 
dynamics, tbe Situation is comparable. As a result of tbe dominant winds tbis sand was 
almost exclusively blown east; very little was deposited west, in tbe valley. Botb examples 
empbasise tbe importance of - literally - multiple researcb angles, botb spatially and 
metbodologically. 

Also tbe ränge of Variation displayed by wetland and dryland arcbaeology in tbe study 
area is different. Tbe researcb conducted at tbe Eversberg creates tbe impression of a mucb 
greater arcbaeological Variation in tbe dryland zone tban in tbe wetland area, and also of 
apparent differences in tbe continuity of activities in tbe two landscape contexts. Eand 
use on tbe Eversberg was botb bigbly varied and cbangeable. Activities in tbe adjoining 
river valley, on tbe otber band, seem to bave been limited to grazing, ritual activity and 
dumping Settlement debris. Information on dryland activities at Zuna is limited but bere, 
too, exploitation of tbe river valley seems to bave been dominated by long-term, exten¬ 
sive and essentially uncbanging activities (fisbing, wood cutting, grazing, infrastructural 
constructions?). However, tbese activities were intermittent, as tbe greatly divergent dates 
sbow (see below). 

Obviously every arcbaeological dataset bas its own limitations. Wbile stratified land¬ 
scape arcbaeological sampling (Eig.j^ may certainly contribute to a more balanced dataset 
we will never bave an entirely representative sample. Wben combining wetland and dry¬ 
land datasets a constant awareness of tbe fundamentally different and bigbly variable na¬ 
ture of tbe formation processes involved is essential. Tbe fact tbat a pbenomenon appears 
to be limited to wet contexts may simply be a result of different preservation conditions. 


6 Representativity 

Is tbe 5km-Nijverdal section of tbe Regge valley a representative sample in terms of ar¬ 
cbaeological pbenomena and landscape bistory? Many case studies publisbed aller tbe 
inventories conducted by Gerritsen and Rensink^"* and Rensink^^ bave created tbe im¬ 
pression tbat tbe arcbaeology of waterlogged environments in river valleys is structurally 
distinct in otber regions as well, but tbat a relation witb adjoining bigber grounds is 
universal. Witb regard to arcbaeological features tbe record is dominated by revetments. 
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wet infrastructural phenomena, fords, bridges, watermills, watering places, waste dumps, 
‘kill sites’ connected to hunting, fisheries, ritual(?) deposits and traces of the extraction 
of raw materials.^^ A spectacular example from north-eastern Germany is a Bronze Age 
battlefield in tbe valley of tbe river Tollense.^^ 

Tbe conclusion tbat tbe 5km-Nijverdal section of tbe Regge valley constitutes a repre- 
sentative sample is confirmed wben we look at tbe observed landscape and arcbaeological 
pbenomena from a wider perspective. Evidence of intensive sand drifting documented at 
Zuna <3> is not an isolated case. In recent years arcbaeological excavations bave pro- 
duced a growing body of evidence for tbe existence of prebistoric sand drifts along ter- 
raced Dutcb river valleys tbat were caused by tbe reclamation of naturally already impov- 
erisbed soils and by an over-exposure of tbe Late Glacial sandy landscape underneatb, 
sparking off intense drifting.^^ Rising groundwater tables and periodic peak discbarges 
in rivers from late prebistory onwards bave also been documented at many locations. 
Tbe main cause of tbese pbenomena was large-scale deforestation.^^ Paradoxically, it is 
tbe lower parts of tbe landscape tbat were exploited more intensively and in tbe Late 
Iron Age sometimes even briefly settled.^*® In many regions ritual depositions duster in 
wetland contexts such as river valleys, wbicb is wby such landscape zones are being la- 
belled ‘sacrificial landscapes!'*^ A clustering of depositions near fords (Eversberg) bas offen 
been observed.Pottery depositions <z8,z9> are a common pbenomenon in alluvial 
wetland contexts.'*^ Also trackway-like wooden structures <32,29> near fords and along 
river banks are known from a number of stream valleys,as are fisbweirs <36,37,38>.‘^^ 


7 Data integration 

Tbe Overall conclusion is tbat limiting our studies to tbe bigb and dry parts of tbe land¬ 
scape will indeed result in a biased image of botb tbe arcbaeological reality and tbe micro- 
regional Settlement bistory. Tbe same conclusion seems warranted for tbe nearby wetland 
contexts. Combining wetland and dryland data certainly fills in gaps (see Lig. [^. Tbe 
building of linear infrastructure (roads, railroads, gas pipes, Underground power lines) 
is ideally suited to collect data from botb contexts. However, merely lumping tbe two 
datasets togetber will not in itself generate interesting new information and fresb insigbts. 
Tbis requires not only an integral (micro-) regional approacb but also a tbeoretically 
explicit, question-oriented one, wbicb sbould translate into serious interdisciplinary re- 
searcb and an awareness of pbenomena tbat break tbe mould.^*^ A study by Mazurkevicb 
et al.^^^ on tbe ‘neolitbisation’ process along tbe Western Dvina river, Nortb-west Russia, 
is a textbook example. 

Most important perbaps is a bolistic perspective, and it is essential tbat cultural arcbae- 
ologists and geo and environmental arcbaeologists cooperate in projects from tbe Start, 
and not just in tbe post-excavation pbase. Such researcb may benefit greatly from tbe 
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concept of landscape biography.“*^ Rensinke^«/."^^proposed the following research topics: 
i) Material culture studies; 2) Vegetation and landscape development; 3) Stream valleys 
as a source of food and raw materials; 4) Structure and long-term landscape development; 
5) The socio-cultural division of landscape. A systematic, transparent inventory of all 
available data in the form of a LLAND diagram turns out to be a suitable tool to assess the 
options for carrying out such research. And it facilitates systematic source criticism. It also 
allows other researchers to verify to what degree claims and conclusions are underpinned 
by solid evidence. Depending on the research questions a LLAND diagram can be made 
more specific, for example thematically. 

The LLAND diagram for our study area clearly shows that the wetland data encompass 
a briefer period but that they are also much more varied. This in itself suggests that they 
would allow more reliable and detailed reconstructions than those we possess today, and 
that also in this context wetland data are ’high-resolution’ data.^° In micro-regions where 
there are dryland settlement and wetland ‘pockets’ in dose proximity such as in our 
study area, the wetland dataset can greatly increase our knowledge of human exploitation 
of the nearby drylands and of the cultural history of the micro-region as a whole, both 
for land use and for landscape. Wetland datasets contain Information on economic and 
ritual activities specific to wetland contexts; but what is equally important is that they can 
also supply valuable Information on the exploitation of nearby dryland zones, specifically 
settlement indicators and evidence for anthropogenic erosion caused by deforestation and 
agriculture < 22,24,24,30,31,34,35,40?>. With regard to the reconstruction of Vegetation 
history and the impact of human action on Vegetation in these and similar areas we largely 
depend on botanical data from wetland contexts. 

The availability of a large number of scientific dates proved to be crucial for building a 
solid chronological framework, which is itself indispensable for identifying connections 
between wetland and dryland evidence, and for placing traces of off-site activity - offen 
poorly dated archaeologically - in a specific chronological context. Even a few charcoal- 
based radiocarbon dates may suffice to elucidate human activity in situations where other 
indicators are lacking <io,i3>.^^ In the case of the Eversberg ‘site’ a sampling strategy 
geared to the systematic collection of artefacts - a strategy which normally only applied 
to hunter-gatherer artefact scatters^^ - proved to be crucial. Without this strategy several 
occupation phases, specifically those which had lefl no archaeological features <8,9,i5>, 
would certainly have been overlooked. Both in alluvial dryland and in wetland contexts 
the material manifestation of off-site economic activities and those of a potentially non- 
economic (i.e. ritual?) nature deserve much more attention, as do phenomena related 
to landscape dynamics, anthropogenic or otherwise (fluvial erosion, sand drifling and 
soil degradation). In terms of data acquisition there is evidently much to be gained by 
linking wetland and dryland evidence on a micro-regional level. What has also become 
clear is that the information yield of dryland excavations may be significantly increased by 
investigating land use in its broadest sense, instead of merely excavating the immediately 
obvious and familiär archaeology. 
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8 Continuity 

Our studies revealed that it is difficult to define exact site boundaries on the larger river 
dunes along the Regge. Often the ’site’ is rather a palimpsest zone, an accumulation 
of archaeological material covering an extended chronological ränge and with at best 
internal fluctuations in artefact density and composition; Bailey (2007) uses the term 
‘cumulative palimpsests! This conclusion confirms that our decision to treat our research 
locations not as ’sites’ but as landscape samples was methodically correct. Palimpsests 
such as the Eversberg ‘site’ are sometimes called ‘persistent places’ i. e. places that were 
never completely abandoned.^^^ Such places are important because they give us an oppor- 
tunity to study the interaction between people and their environment from a long-term 
perspective. The fact that the archaeology of one particular period may not be intact - 
damaged by subsequent occupation of the location, for example - is from a landscape- 
archaeological perspective irrelevant; rather, what matters most is identifying, dating and 
contextualising forms of land use, instead of documenting well-preserved archaeological 
structures. In this context 'negative’ observations (the absence of specific phenomena) may 
be equally valuable. 

As said before the wetland archaeology of the Pleistocene Inland regions of North-west 
Europe is largely an off-site archaeology, i. e. reflecting specialised activities carried out by 
the inhabitants of nearby Settlements. The general assumption is that the character and 
distribution of this kind of archaeology in river valleys are largely determined by Settle¬ 
ment and land use patterns on nearby high grounds, and that it clusters where such valleys 
border locations with long-term or frequent occupation. This may be true in many cases, 
but a reverse Situation is also thinkable. The valleys of minor and major water courses in 
inland lowland areas of North-western Europe probably had their own 'persistent placesj 
focal points of activity during longer periods of time, which influenced spatial behaviour 
and spatial patterns in the wider landscape. Such sites may be expected at river crossings 
(Du. voordes) and confluences,^^ but no doubt also at other types of location. Where 
evidence of ritual activity clusters such places may be classified as ‘natural places’ in the 
sense of Bradley.^^ How 'persistent' were such places? Caution is called for when using 
terms like ‘continuity’ and ‘persistence,’ as Van de Noort and O’Sullivan demonstrated by 
presenting a number of cases in which scientific dates could be systematically obtained.^^ 
Often the presumed continuity turned out to be in fact non-continuity. Moreover, in 
dynamic alluvial wetland contexts continuity of certain forms of land use may well be 
linked to a specific landscape zone or an area with specific landscape characteristics, rather 
than to a specific fixed location within that zone or area. Incidentally, in the case of 
certain activities there may be period-specific difterences in the extent to which they were 
localised.^^ 


9 Predictability 

Earlier we pointed out the 'palimpsest' character and the great time depth of ‘sites! Both 
phenomena are largely the product of a Situation marked by continuity, of the landscape 
itself and of the way it was exploited. The landscape in the study area is much more 
Stahle than for example Holocene fiuvial zones, which prior to the construction of dikes 
were highly dynamic. On favourable locations in this zone, such as levees, palimpsests do 
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occur but they lack the time depth of those on the Pleistocene sands. There, the regional 
rivers often were transformed into mere brooks in tbe course of tbe Holocene, aller wbicb 
meandering and erosion were confined to tbe existing valley. Tbis meant tbat river dunes 
along tbose valleys were bencefortb only exposed to local erosion. Tbe degree of soil 
erosion of valley bottoms was bigbly variable and largely dependent on tbe meandering 
of eacb individual water course - wbicb in our researcb area after ca. 250BC was being 
increasingly affected by buman activities upstream.^^ 

Tbe great time deptb of Settlement locations along rivers in tbe Pleistocene inland 
areas of Nortb-west Europe is also tbe result of tbe stable position tbese areas occupy in 
regional Settlement patterns, at least in tbe eastern Netberlands. Until tbe Middle Ages 
regional Settlement patterns were cbaracterised by, on tbe one band, endemic mobility 
and, on tbe otber, alternating pbases of expansion and contraction. Favourable locations 
along water courses were marked by a bigh degree of Settlement continuity.^® Raised 
bogs were tbe scene of ritual practices for millennia.^^ For tbese reasons tbe presence 
of arcbaeological remains in tbe river valleys greatly depends on tbe landscape context 
and associated settlement patterns and infrastructure. Tbeir preservation and availabil- 
ity to Investigation is determined by depositional factors and conditions and by post- 
depositional processes.^^ Tbese, in turn, are tbe product not only of antbropogenic factors 
but also, and to a large extent, of subsequent fluvial dynamics, ground water dynamics 
and ground water cbemistry. Along tbe middle and lower reacbes of watercourses, wbere 
river valleys are wide, Sedimentation processes prevail and waterlogged conditions are 
wide-spread,^^ conditions for preservation tend to be mucb better tban tbey are along 
tbe upper reacbes. Also preservation conditions tend to be most favourable along rivers 
tbat constitute tbe oldest (Täte Pleistocene) core of drainage Systems. Such rivers bave 
carved relatively deep valleys an bave mucb accommodation space for tbe deposition of 
Sediments (and bence arcbaeology). As a result not only tbe location but also tbe degree 
of preservation and tbe age of arcbaeological remains in alluvial wetland contexts are to a 
degree predictable.^'* Cbronological predictability depends on tbe availability of adequate 
geoarcbaeological and geobydrological data as well as data on floodplain evolution in 
general.Access to and an understanding of tbe presence, cbaracter, distribution and 
internal relations of all Information sources in contiguous dryland and wetland contexts 
allows furtber predictions regarding tbe presence of additional sources of Information. 
Tbe construction of a FFAND-diagram tberefore may not only be belpful in selecting 
promising researcb options, but also to conduct targeted field work aimed at filling-in 
major gaps in tbe available dataset. 
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Mark R, Groenhuijzen - Philip Verhagen 

Exploring the dynamics of transport in the 
Dutch limes 

Very little is known about local scale transport in the Roman period in the Netherlands, 
and therefore this paper aims to reconstruct and examine local transport networks through 
an integrative approach, using data and research from palaeogeography, physiology, ar- 
chaeology and computational archaeological approaches. This study particularly focusses 
on the role of different modes of transport and the role of the natural environment. Firstly, 
a palaeogeographic reconstruction is presented encompassing both the natural and the 
cultural landscape. Transport networks for several modes are then reconstructed by cal- 
culating least cost paths that incorporate functions from physiological research. These 
networks are analysed using Standard network analytical procedures. Interesting interpre- 
tations can he inferred from the results of these procedures, including some relating to the 
different characteristics of the transport modes but notably also the relative important role 
of stone-built Settlements in the networks and the relative lack of control that the Roman 
forts have over the transport network. 

Least cost analysis; network analysis; palaeogeography; Roman limes; transport reconstruc¬ 
tion. 


I Introduction 

The archaeological study of Roman transport Systems in the Netherlands has traditionally 
focussed mainly on transport of regional to imperial scales. Examples of well-studied 
suhjects are the Roman limes road,^ Roman shipping on the Rhine and Meuse^ including 
interregional transports,^ canal construction,"* Roman harhours^ and other waterfront 
installations.^ Comparatively little research has heen done on transport that occurred on 
local to intraregional scales. Thus little is known ahout how transport on these scales was 
organised and carried out, particularly for a ‘peripheraT region such as the Dutch river 
area, which outside the main roads and rivers offered major environmental constraints for 
the type of transport that is known from Roman Italy and Gaul.^ This lack of knowledge 
is further increased hy the limited nature of the archaeological evidence for transport, 
including the likelihood that most local land-hased transport connections are mere routes 
with very low archaeological visihility, rather than constructed roads.^ 


This research was performed within the Framework of the ‘Finding the limits of the limes" project, funded 
by the Netherlands Organisation for Scientific Research (NWO, project nr. 276-61-005) through the VIDI 
Innovational Research Incentives Scheme. We would like to thank two anonymous reviewers for their 
constructive suggestions on improving this paper. 
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Given the limited nature of the archaeological evidence, computational approaches 
have become increasingly populär to study movement in archaeology,^ with its Basic com- 
ponents rather well understoodd® This paper aims to reconstruct and examine Roman 
local transport networks using a conceptual model for transport and the application of 
cumulative cost paths“ and network analysis.^^ To achieve this, an integrative approach 
was applied using datasets and research from palaeogeography, physiology, archaeology 
and computational archaeological approaches. 

This paper will present part of a project'^ that focusses on the cultural landscape of 
the Dutch part of the Roman limes encompassing the Batavian and Cananefatian civitates 
(Fig.0 , and in particular the spatial and economic relations between the local population 
and the Roman military population that inhabited the area starting from around 15 BC 
(Fig-0- The paper will focus on the Kromme Rijn-Hollandse IJssel region within this 
area (Fig. [^, located immediately to the south of the Rhine which formed the northern 
border of the Roman Empire. The limes was dotted with military forts [castella) during 
the Roman occupation, including four forts within the current study area. This region is 
considered an ideal testing ground for reconstructing and examining Roman local trans- 
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Fig. 2 I Timeline considered in this study, with the relevant archaeological periods and some notable events 
indicated. 


port networks owing to the extensive archaeological studies'"^ and other sources availahle 
for palaeogeographical research.^^ 


2 Methods 

2.1 Transport modelling 

Modelling transport networks is not straightforward; there are many influencing Factors 
that change the way a transport network materialises. Murrieta-Flores names a numher 
of Factors that influence movement on Foot, which can generally he suhdivided in in¬ 
dependent Factors (topography, terrain, time, human physical properties, carried loads 
and access to resources) and social Factors (social conceptions or ideas regarding places, 
geographical knowledge, social networks, territoriality and visihility)d^ For our study, 
a conceptual model for transport decisions was created (Fig. |^. Important Factors that 
determine the nature of transport and thus transport variahility are the agents that are 
involved, the purpose for which the transport is undertaken and the mode of transport 
that is used. Besides these inherent elements of transport, external influences play a role 
as well. They can ränge from ahstract Factors such as (imperial) political pressures to very 
concrete Features such as the natural environment. For the purpose of this paper, the 
dynamics of transport will he examined through two elements of this transport model, 
namely the mode of transport that is applied and the role of the natural environment. 


2.2 Palaeogeography 

In Order to fully grasp the role of the natural environment on local transport networks, 
a detailed palaeogeographic map of the study area is required. One of the major diffi- 
culties in the study area and in the delta landscape of the Netherlands in general is the 
vast amount of landscape change that has occurred since the Roman period, primarily 
through river channel migration and avulsion and to some extent also peat extraction 
and drift-sand activity. Exemplary detailed palaeogeographic work has heen performed 
for the Western river area in the Netherlands,^^ which also covers the northern edge of 
the current study area. We reused the methodology applied hy Van Dinter to extend this 
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Fig. 3 I The conceptual 
transport model. 


palaeogeographic reconstruction to the whole study area. It involves the combination 
of existing datasets including geomorphological/* pedological/^ palaeogeographicaF® 
and historical maps, LIDAR elevation data^^ and local Information from archaeological 
research^^ to construct a palaeogeographical map on a scale of 1:50,000 (Fig. [^. This 
map represents the landscape in the Middle Roman Period, although the only significant 
landscape change in this area in comparison with the earlier periods is the river avulsion 
at Wijk bij Duurstede which marks the onset of the Lek river. Due to its position on the 
Southern edge of the research area this has little influence on the following spatial analysis. 

Düring the reconstruction areas of uncertainty were identified, which can be attributed 
to the presence of urban development, sand or clay extraction sites or areas of natural 
post-Roman erosion, primarily through river activity. For the purpose of this study the 
most likely palaeogeographical unit was assigned to each uncertain area based on expert 
judgement, but through the explicit recognition of uncertainty further studies can also 
include more elaborate testing of the influence of the natural landscape by applying 


Fig. 4 I Reconstruction of the 
landscape around a typical rural 
Settlement (Tiel-Passewaaijse 
Hogeweg) in the Dutch river 
area, situated on the levee of an 
abandoned stream bordering on 
marshy floodplains. Drawing by 
Mikko Kriek (VUhbs). 



18 

19 

20 

21 

22 


Berendsen 
Al terra 


2065 


^82 


Alterra 


2008, 


Especially irhportant is the research on the palaeogeographical development of the Rhine-Meuse delta 
by Cohen et al. 


Ri i kswaters taat-A oi 
E. g. Van Es 


1994 


2013 

wrvös' 







































Exploring the dynamics of transport in the Dutch limes 


^9 


Fig. 5 [ Simplified 
palaeogeographical map of the 
research area during the Middle 
Roman Period with modern 
place and river names shown as 
reference. 



Another important aspect of palaeogeography is the cultural landscape, or the land- 
scape created hy man, in this study consisting of the Settlements and the connections 
hetween peoples. The study area has a rieh archaeological research tradition, which allows 
for a detailed reconstruction of the cultural palaeogeography. This is achieved through a 
reinterpretation of the existing archaeological evidence, which largely consists of entries 
in the Dutch national archaeological datahase^^ supplemented with data from other sur- 
veys.^"* The reinterpretation is done hy following a standardised set of rules for assign- 
ing an interpretation to archaeological finds. For example, through a minimum numher 
of sherds within a radius of a specific distance, along with characteristic evidence for a 
certain archaeological activity, a find spot can he interpreted e.g. as a Settlement, burial 
place or military site. The reinterpreted settlements are stored in an archaeological site 
database that also includes Information on chronology, uncertainty of interpretation and 
references. Such a methodology has been applied in previous research,^^ and was updated 
and extended to the current study area (Fig. |^. It must he noted that stone-built settle¬ 
ments only appear in the Middle Roman Period, although they may exist as post-built 
settlements in earlier periods. 


2.3 Network reconstruction 

A frequently used approach to study movement in archaeology is least cost path (TCP) 
modelling.^^ One of the most important aspects of TCP modelling that makes it useful 
for this kind of research is the ability to incorporate information about the natural en- 
vironment to model routes of movement hetween places. The cost surfaces required for 
TCP modelling can he calculated using different approaches,^^ often using functions from 
physiological research on energy expenditure of movement on foot that take into account 
the effects of slope, and for that reason result in directional LCPs^^ that may follow differ¬ 
ent routes depending on whether movement is uphill or downhill. However, since we 
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Fig. 6 I Simplified 
palaeogeographical map 
including a diachronic overview 
of the archaeological site 
database. Note that the sites 
identified as stone-built 
Settlements in the database may 
appear in all archaeological 
periods, but prior to the Middle 
Roman Period are actually 
regulär post-built Settlements. 


only find very small elevation difFerences in the study area^^ the main cost component 
that we need to take into account is the terrain surface. In the 1970s an American research 
group did extensive testing on the role of terrain surface on energy expenditure during 
movement while carrying varying loads,^° making it the most useful method to apply 
given our research focus on transport across a difFerentiated landscape. The cost Function 
from this research is adapted to calculate velocity (V in m/s) over a terrain surface with a 
certain cost coefficient () hy a suhject of a certain weight (W in kg) carrying a load (L in 
kg) while maintaining a constant metaholic rate (M in W) suited to travel large distances: 


V = 


IM -1.5W-2 (W + L) 


1.5 ( FF + L ) 


Terrain coeflficients were taken from Soule and Goldman^' and adapted to fit the 
environmental units identified in the research area (TahleQ. For this study, a constant 
suhject weight of 60 kg and a constant metaholic rate of 340 were used. The effects 
of load and terrain surface on the velocity are given in Figs.|^and 

It is more difficult to model movement of vehicles such as mule carts. Research on the 
movement of vehicles has so far only considered the effects of slope,^^ or has only heen 
performed for hand carts^'^ and thus does not include animal traction. Estimates of average 
mule cart speed over long distances^^ have therefore heen used to set the travelling time 
on paved roads. Furthermore, the terrain coelficients were modified (Tahle 0 to reffect 
the greater effort required to move a wheeled vehicle through difficult terrain compared 
to walking, hecause of rolling resistance, momentum loss due to terrain undulations and 
efficiency loss due to the movement of the centre of gravity on uneven terrain.^^ Another 
uncertain factor which is difficult to account for is the effect of the terrain surface on the 
locomotion of traction animals. 
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Fig. 7 [ Load versus velocity 
with terrain coefficient set at i. 



Fig. 8 I Terrain coefficient 
versus velocity with load set at o. 



Using the aforementioned cost Function and variables and after introducing a random 
noise Factor to promote concentration oF paths and avoid countless parallel paths,^^ cost 
surFaces were created For the Following scenarios: walking without load (Wo); walking 
with a load oF 20 kg (W20); walking with a load oF 40 kg (W40), which is meant to 
represent the maximum that an average person can achieve when absolutely necessary; 
and mule cart transport (MC). LCPs were then calculated between all possible sources 
and destinations in the archaeological site database oF the research area, to arrive at a 
cumulative cost path map oF the region (Fig. Simultaneously, every route that was 
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Cost surfaces and LCPs were created using the CostDistance and Cost Path tools in the ArcGIS 10.2 package. 
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created during the LCP modelling was saved to a database storing its source, desdnation, 
length and travel dme, in order to be used for network analysis. 


2.4 Network analysis 

Tbe use of network analysis tecbniques in LCP modelling bas only recently been ex- 
plored.^^ Since tbere is no directionality in tbis case study and otber possibly important 
Factors such as population size and production/consumption in settlements are not yet in¬ 
corporated, tbe route network could be analysed using tecbniques for simple node-based 
networks witb unweighted and undirected edges. Among tbe measurements investigated 
are global network measurements such as number of connected components, clustering 
coefficient, network centralisation, cbaracteristic patb lengtb, average degree, network 
density and network beterogeneity, and tbe local measurements of closeness centrality, 
betweenness centrality and neigbbourbood Connectivity. 

An analysis of a completely connected network is pointless, as tbere would be no 
difference between tbe different networks. Tberefore, tbe amount of edges, i. e. tbe routes 
between sites, was reduced to include only tbose tbat can be travelled witbin 20 minutes. 
Tbis critical point was cbosen as most networks in tbis study sbow major fracturing 
at lower cut-off points. Altbougb cboosing a critical point is arbitrary, it can be partly 
justified by studies on buman navigation and wayfinding wbicb argue tbat a route towards 
a destination often consists of a number of smaller routes between known landmarks tbat 
tbe traveller is familiär witb and tbat are part of bis so-called cognitive map."*^ Given tbe 
low relief and assumed significant amount of deforestation in tbe Roman Period, otber 
settlements may bave functioned as important landmarks wbile travelling. One aspect 
tbat is not taken into account but sbould be explored in furtber studies is a similar role 
for burial sites in tbe cognitive map, as arcbaeological researcb bas sbown tbat cemeteries 
dating to tbe Roman period are often situated alongside prehistoric burial sites, indicating 
tbat prebistoric and Contemporary burial sites were recognised and consciously incorpo¬ 
rated in tbe Roman cultural landscape."*^ 
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We analysed a number of different networks derived from the LCP modelling. The 
networks were based on the different modes of transport (walking with loads of o, 20 or 
40 kg and mule cart transport) and were filtered for three different time slices, namely the 
Late fron Age,"*^ the Early Roman Period and the Middle Roman Period (Fig. |^, based 
on the chronological Information in the archaeological site database. 


3 Results 

Through the combination of LCPs between all sites in the archaeological database, a 
cumulative cost path map was created (Fig.|^, which gives some indications of the main 
transport corridors. As can be expected from the cost map inputs, most transport move- 
ments occur on the high levees that are positioned centrally in the study area. The shape 
of the different networks based on the mode of transportation can be compared visually. 
However, through the application of network analysis additional Information on the 
structures of the various networks can be obtained. 


Fig. 9 I Cumulative cost path 
map of mule cart transport 
between all sites in the 
archaeological site database. 



A number of global network measurements were calculated for the twelve networks, 
representing four different modes across three different time slices (Table|^. The termi- 
nology used will be shortly explained here:"^'^ 

• Firstly, the number of nodes represents the number of unique sources and destina- 
tions of routes in the network, which equals the number of sites known from that 
period in the archaeological site database. 

• The number of connected components is the number of groups of nodes (i. e. con- 
taining at least two nodes) which are not connected to other groups of nodes. A 
completely connected network would thus have only one connected component. 
The networks analysed in this study offen consist of one very large component and 
a number of minor components located around the edges of the research area. In 
addition, a number of isolated nodes can exist, which are not connected to any other 
node and are therefore not counted as part of the number of connected components. 


43 It must be noted that the dataset on Late Iron Age sites is incomplete, as it only includes sites that were 
also continuous into at least the Early Roman Period. Any comparison between Late Iron Age networks 
and other networks must therefore be made with caution. 

44 Based on the documentation accompanying Cytoscape 3.1.0. 
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• The average clustering coefficient is an average of the measurements of the extent to 
which the neighhours of a node in the network are also neighhours themselves. 

• Network centralisation is a measurement of how central its most central node is in 
comparison to all other nodes. A decentralised network will therefore have a low 
network centralisation. 

• The characteristic path length, also known as the average shortest path length, is the 
average of all path lengths (numher of edges) hetween any two connected nodes. 

• The average degree is the average of the numher of neighhours each node has. 

• The network density is a normalised Version of the average degree, so that network 
density is highest (equal to i) when the network is completely connected and lowest 
(equal to o) when all nodes are isolated. 

• Network heterogeneity represents the tendency of a network to contain a few highly 
connected (huh) nodes, while the majority of nodes have very few connections. A 
more inhomogeneous network thus contains fewer huh nodes and more nodes with 
a relatively equal amount of connections. 


Besides the global network measurements, network analysis also encompasses local 
network measurements on nodes. One interesting measurement is the hetweenness cen- 
trality (Figs. lo Hül . For each node this equals the ratio of shortest paths hetween any other 


pair of nodes that pass through this node against the total numher of node pairs excluding 
this node. It is offen interpreted as reflecting the amount of control that this node has 
over the interactions within the network. Another local measurement is neighhourhood 
Connectivity, which for each node is the average numher of neighhours of its neighhours 
(Fig. i 61 . Other local network measurements, such as closeness centrality, did not yield as 
striking results. 
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Mode 

Walking 
w/ 0 kg 
(Wo) 

Walking 
w/ 20 kg 
(W20) 

Walking 
w/ 40 kg 
(W40) 

Mule cart 
(MC) 

Walking 
w/ 0 kg 
(Wo) 

Walking 
w/ 20 kg 
(W20) 

Walking 
w/ 40 kg 
(W40) 

Mule cart 
(MC) 

Walking 
w/ 0 kg 
(Wo) 

Walking 
w/ 20 kg 
(W20) 

Walking 
w/ 40 kg 
(W40) 

Mule cart 
(MC) 

Time period 

Late Iron Age 

Early Roman Period 

Middle Roman Period 


Tab. 2 I Results of global network measurements. 
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Fig. IO I Betweenness 
centrality measurements of all 
sites in the Late Iron Age mule 
cart network. 


Fig. II [ Betweenness 
centrality measurements of all 
sites in the Early Roman mule 
cart network. 


Fig. 12 I Betweenness 
centrality measurements of all 
sites in the Middle Roman mule 
cart network. 
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Fig. 13 I Betweenness centrality 
measurements of all sites in the 
Middle Roman network of 
walking without a load. 



Fig. 14 I Betweenness centrality 
measurements of all sites in the 
Middle Roman network of 
walking with a load of 20 kg. 
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Fig. 15 I Betweenness 
centrality measurements of all 
sites in the Middle Roman 
network of walking with a load 
of 40 kg. Farger icons represent 
a higher betweenness centrality. 
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Fig. i 6 I Neighbourhood 
Connectivity measurements of 
all sites in the Middle Roman 
mule cart network. 


4 Discussion 

4.1 Global network measurements 

Some interesting patterns can be inferred from the comparison of global network mea¬ 
surements (Tablej^ of the transport networks based on modes (shortened here to Wo, 
W20, W40 and MC) and time periods. Such patterns can perhaps be attributed to different 
inherent properties of the transport mode involved, which could have played a role in the 
decision-making process of transport agents in the past. Chronological trends can also 
be attributed to developments in the transport Systems, societal structure or other factors 
that might influence the transport network from the Late Iron Age through the Early 
and Middle Roman Period. However, such archaeological interpretations must be treated 
with caution, as there will almost inevitably be other factors influencing the results, such 
as incomplete datasets, uncertain interpretations and dating of archaeological sites or 
uncertainties in the palaeogeographical mapping. 

In general, it can be stated that the Wo- and the MC-networks are most connected. 
This can be observed in the network centralisation, characteristic path length, average 
degree and network density, which are all generally highest in the Wo- and MC-networks. 
High network centralisation can be attributed to the fact that Wo- and MC-networks 
connect to components that are disconnected in the W20- and W40-networks. The Con¬ 
nection to more distant components also increases characteristic path lengths. The higher 
amount of interconnections within the main component increases the average degree and 
network density for these networks. For the MC-network this also shows in the average 
clustering coefficient. The W20-network also has a large average clustering coefficient, 
but this is likely due to the fact that this network does not connect to some more distant 
components while at the same time it retains a large number of interconnections within 
the main component. The results for network centralisation, characteristic path length, 
average degree and network density can probably be attributed to the increased difficulty 
for travel in the W20- and W40-networks, which removes a part of the interconnections. 
The breakdown of internal Connections, leaving only the more straightforward Connec¬ 
tions, might be interpreted as an indication of the unattractiveness of carrying such heavy 
loads, especially when easier methods such as boat, mule (both not studied here) or mule 
cart transport are available. The higher average clustering coefficient for the W20-network 
despite the disconnection to distant components might mean that this network is still 
viable for the densely inhabited areas such as the central levee, but is not attractive for 
long-range transport to more remote areas. 
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When we look at the networks chronologically, the appearance and disappearance of 
sites over the different time periods have some interesting effects. From the Late fron Age 
through the Early Roman Period, more sites in the networks seem to appear around the 
edges of the research area, rather than on the central levee. This results in few changes 
in average degree and only minor changes in the average clustering coefficient when 
comparing Late Iron Age to Early Roman Period networks, regardless of transport mode 
used. At the same time, the declines in network centralisation and network density and 
the increase in characteristic path length are steepest over this transition. Erom the Early 
Roman Period through the Middle Roman Period, new sites appear primarily within the 
existing network, therehy increasing interconnectedness. This is reflected in the sharp 
increase in the average degree and slight increase in the average clustering coefficient, 
while the characteristic path length with the exception of the W40-networks declines 
slightly. This may he interpreted archaeologically as the result of population growth and 
increased settlement density, which allow for more complex and more extensive social 
interactions. 


4,2 Local network measurements 


The networks can also he compared in some more detail. One interesting local network 
measurement is hetweenness centrality, which is plotted in Eigs. 10 -15 In all networks an 


elongated group of sites forms a dense and offen interconnected network on the central 
levee in the study area. A significant northern group is connected to the main compo- 
nent over a small crevasse splay that acts as a slightly elevated and traversahle levee in 
a floodplain that is otherwise less attractive to transport. The sites directly on the edges 
of this corridor have a high hetweenness centrality as long as this connection is intact. 
This northern group however disconnects in the W20- and W40-networks. This creates 
an isolated component with a numher of sites of very high hetweenness centrality within 
their own component that are otherwise not important as part of the larger network. 
More interestingly, no connection is made in any of the networks hetween this northern 
group and the sites towards the east across the levees of the Rhine. 

A small numher of sites with high hetweenness centrality can he ohserved in the 
heart of the research area, connecting the Western and northern groups of sites with the 
large concentration of sites in the eastern half of the research area. The high hetweenness 
centrality of these central sites indicate that they likely controlled much of the east-west 
directed transport movements in the study area. 

Several sites with high hetweenness centrality are identified as stone-huilt in the ar- 
chaeological site datahase, which is generally thought to represent higher Status or wealth. 
All these sites occur in the central and eastern part of the research area. Light out of 180 
sites in the Middle Roman Period are identified as stone-huilt, and out of these stone- 
huilt sites seven are in the top third of highest hetweenness centrality in the Wo- and MC- 
networks and five are in the top third in the W20- and W40-networks. The importance of 
these sites in transport networks, as well as their possihle control over transport, may have 
allowed them to grow in Status and wealth. from this point ofview it is also interesting to 
look at the developments through time. In the Late Iron Age and Early Roman Period all 
Settlements were still post-huilt. However, for example in the MC-network (Eigs. [lö -121 
it is clear that the sites that in the Middle Roman Period would hecome stone-huilt Set¬ 
tlements are consistently central in transport networks in the eastern part of the research 
area. This does not explain however why stone-huilt Settlements only occur in the eastern 
part of the research area, while at the same time we also find post-huilt sites with high 
hetweenness centrality and thus assumed importance for transport networks in the central 
and Western part of the research area. 
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A further interesting observation is the low betweenness centrality of tbe four Forts 
and tbe civil Settlements associated witb tbese military sites, wbicb may indicate tbat tbese 
sites were not important in local transport networks. Tbis can partly be attributed to edge 
efFects, as one of tbese sites is located in tbe soutb-eastern extremity of tbe study area and 
all are bordering tbe Rbine, wbicb is a relative extremity since very few sites are known 
from tbe nortbern bank. However, tbe network reconstructions sbow tbat transport is 
most likely to bave occurred on tbe central levee Crossing tbe researcb area, ratber tban 
on tbe levees of tbe Rbine itself, and tbus local transport does not appear to need tbe 
constructed military road wbicb runs rougbly parallel to tbe Rbine. It must be noted tbat 
tbese reconstructions as of yet do not include weigbting of tbe transport Connections, 
as tbe greater population size and consumption will certainly bave intensified transport 
from and to tbese sites. 

To furtber clarify tbe relation between tbe arcbaeological evidence of roads, wbicb 
primarily concentrates around tbe military h'mes road, and tbe transport network recon¬ 
structions, a comparison witb tbe arcbaeological evidence can be made. Based on ar¬ 
cbaeological evidence and interpretations a number of road reconstructions bave been 
publisbed,"*^ wbicb bave been combined and overlain on tbe Middle Roman MC-network 
reconstruction (Fig. 171. It is again evident tbat most local transport connections are found 
on tbe central levee ratber tban on tbe levees of tbe Rbine, wbere tbe military /imes road is 
located. It can tberefore be argued tbat tbis road bas little importance for local land-based 
transport connections, but will bave primarily been used for transport between tbe Forts, 
tbe guarding of river transport and quick (inter)regional information transfer along tbe 
limes. 



Fig. 17 I Roman road 
reconstruction based on 
arcbaeological evidence, 
overlain on the Middle Roman 
mule cart network. 


5 Conclusion 

Tbis paper aimed to reconstruct and examine Roman local transport networks using a 
multidisciplinary approacb, drawing on metbods and data from palaeogeograpby, pbys- 
iology, arcbaeology and computational arcbaeological approacbes. A palaeogeograpbical 
map witb an arcbaeological site database was constructed and TCP networks were cal- 
culated for various transport modes. Tbese were subsequently analysed using network 
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analysis, leading to some interesting observations. The global network measurements 
clearly showed some different characteristics of the networks, such as the breakdown of 
Connections related to the difficulty of travel with increasing loads, while at the same time 
the Wzo-network showed that a substantial number of connections was still maintained 
in more densely inhabited areas. We also analysed chronological developments and ob- 
served a site-dependent pattem of transport networks, which was characterised in the 
Early Roman Period by the appearance of new sites around the edges of the research area, 
followed by an increased site density in the Middle Roman Period, allowing for more 
extensive social interactions. 

Looking at the transport networks in more detail, we can observe disproportionally 
high betweenness centrality measurements for stone-built Settlements. One Interpreta¬ 
tion might be that their importance for transport networks created more wealth and 
Status for these sites. At the other end of the spectrum, the Roman military forts and civil 
Settlements have very low betweenness centrality measurements, indicating that they only 
played a minor role in the local transport movements of the research area. A comparison 
with a road reconstruction based on archaeological evidence also shows that the Roman 
military limes road does not play a major role in the local transport networks, as local 
transport is mostly concentrated on the central levee rather than on the levees of the 
Rhine. 

In conclusion, the multidisciplinary methods demonstrated here provide a research 
approach to Roman local transport networks that cannot be achieved on the basis of 
traditional archaeological research alone. Although the results and conclusions drawn 
from the analysis are not set in stone and require additional archaeological Interpretation 
and investigation, this approach provides researchers with new insights and possibly new 
research questions, for example concerning the absence of stone-built Settlements in the 
Western part of the research area in spite of the apparent importance of the transport 
corridor there, or the apparent lack of control of the Roman forts over local transport 
connections, despite the substantial provisioning needs of the military population. 
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Ancient Rock Quarries in Anuradhapura, 

Sri Lanka 

The ancient city of Anuradhapura (4th Century BCE to loth Century CE), established on 
the Banks of the river Malwathu Oya in north-central Sri Eanka, is one of that country’s 
most important archaeological sites. Numerous ancient buildings and monuments occur 
throughout the entire Settlement. The preserved parts of the Anuradhapura ancient built 
environment are mostly solid masonry constructions. Elowever, foundations, floor areas, 
pillars, and entrance units of the buildings provide evidence that rock materials were 
prominently used in constructions. This study focuses on the investigation of formet rock 
quarry locations in the surroundings of Anuradhapura, their distributional pattem and 
their Classification according to their morphological and archaeological significance. The 
majority of quarrying traces detected in the survey are distributed along a central rock 
outcrop line which runs across the city area. Altogether, 65 ancient rock quarries were 
identified in the area and classified into six categories. Moreover, numerous of historic 
stone buildings in the monasteries are also situated along the exposed rock outcrops line. 

Ancient quarrying; historic built environment; cultural landscape; natural resources; land- 
scape evolution. 


I Introduction 

The city of Anuradhapura, today the provincial Capital of the North Central Province in 
Sri Lanka (Fig. 0 , served the ancient Sinhala kings as a Capital hetween the 3rd Century 
BCE and the loth Century CE.^ Thus, it is one of the oldest continuously inhahited 
cities in the world. The earliest written sources hegan to appear in the 5th Century BCE,^ 
and Anuradhapura’s remarkable architectural remains make it one of the most impor¬ 
tant archaeological sites in the cultural landscape of Sri Eanka. Even today, the ruins 
of numerous monasteries, palaces, stupas and temples hear testimony to the impressive 
construction works, documenting the outstanding architectural and artistic culture of 
the Anuradhapura period.^ Both bricks and stones were used in the construction of most 
of the buildings. However, the majority of foundations, floor areas, pillars, and entrance 
units of the buildings consist of stone blocks and provide evidence that rocks were the 
primary building material used in construction during the Anuradhapura period. 

Quarry sites as the source area for building material have made up a largely neglected 
category of archaeological sites; however, they allow constructions on exploitation strate- 
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gies and techniques of ancient cultures."' This study aims to present an inventory and 
Classification of ancient quarry sites in the Hinterland of Anuradhapura. In this context, 
the spatial distrihution of the quarries is assessed, different quarrying techniques are de- 
scrihed and the hedrock that was exploited for construction purposes is determined. 



Fig. I I Topography of Sri 
Lanka and location of the 
ancient Capital Anuradhapura 
Jarvis et al.: 


2008 


2 Research Background 

Only limited attention has heen drawn to ancient quarries as archaeological sites, de- 
spite the fact that their study is promising in multiple respects. Ancient quarries provide 
information on i) strategies for the exploitation natural resources hy ancient cultures, 
ii) technological knowledge, iii) social Organization, trade and communication.^ While 
numerous studies have heen conducted on the quarries of the Mediterranean dating to the 
Roman period and the quarries of ancient Egypt^ comparahle studies for ancient South 
Asia are scarce, and lacking completely with respect to Sri Lanka. 
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3 Ancient quarrying techniques and identification of quarries 

Ancient craftsmen could choose among multiple techniques for separating stone Blocks 
from patent rocks depending on the petrographic characteristics of the bedrock and the 
morphological Situation. Bedrock outcrops with bedded layers, natural foliations or me- 
chanical weathering fractures were preferred starting points for stone quarrying, because 
these structures ease the workflow of stone Splitting.^ Levers were used to widen natural 
cracks, joints, in the bedrock.^ In cases where such joints did not occur naturally, they 
were generated by a) chiseling holes and inserting wedges, b) removing bedrock material 
by channeling or c) heating the bedrock surface by fire and then subjecting the rock to 
pressure through percussion.^ 

Stones found during fieldwork in the hinterland of Anuradhapura document that 
quarrying was predominantly performed using the chisel-hole and wedge method. The 
workflow of the chisel-hole and wedge method is made up of the following tasks: (i) a 
series of holes is chiseled, following the edging of the block to he extracted, then (ii) 
wedges are inserted into each hole, and (iii) a hammer is used to push the wedges further 
into the holes. The wedges create an internal pressure inside each hole and that pressure 
generates a fracture line linking all the holes and separating the block from the parent 
rock.'° Sawing stone Blocks with a blade saw is another known method, observed e. g. at 
quarries in Egypt from the Old Kingdom period^^ and also at Roman quarries; there is 
no fleld evidence attesting to the practice of sawing stone Blocks for Sri Lanka. 

The identiflcation of quarry sites is based on marks providing evidence of the quar¬ 
rying process.^^ Depending on the technique used, tool marks appear as chiseled holes, 
shallow channels or sawed rock proflies.It is possible for spoil produced as a residue 
of the quarrying process to accumulate in considerable quantities throughout a quarry 
site.'^ However, mining residues were frequently re-used in the quarries of the Roman 
empire, e.g. (i) to build loading ramps (ii) by burning limestone mining residue to make 
lime mortar or (iii) to re-All the quarry pit.^^ Furthermore remains of tools and unflnished 
stone Blocks also provide evidence of ancient quarrying activities.'^ 


4 Classification of quarries 

Varieties of approaches have been taken to the classiflcation of ancient rock quarries. 
The Parameters most frequently used to classify ancient quarries are the type of rock 
separated'^ and the morphology of the quarry site.'^ Additionally, numerous authors have 
classifled ancient quarries according to their layout: as, for instance, boulder quarries, 
slope, flat ground, narrow plot, open, pit, trench, gallery, bedrock outcrop, boulder quar¬ 
ries.Degryse, Bloxam, and Heldal (2006) listed some parameters such as location (local 
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or regional), geology, morphology and production evidence as they classify rock quarries 
in the territory of Sagalassos in southwestern Turkey.^^ 


5 Study site 

5.1 Physical settings of Anuradhapura 

The city of Anuradhapura is located in the northern lowlands of Sri Lanka (8°2i’ N, 
8 o° 23’ E; 89 meters above sea level) and is the present-day Capital of the North Central 
Province. Notwithstanding an average annual precipitation of 1198 mm,^^ Anuradhapura 
is located in what is known as the low country dry zone of Sri Lanka and is character- 
ized by distinct summer aridity. Due to its location northwest of the Central Highlands, 
Anuradhapura is not directly exposed to either the Southwest monsoon (May to Septem¬ 
ber) or the northeast monsoon (December to February); accordingly there is no strong 
correlation between the area’s spatial and temporal rainfall pattem and the monsoonal 
periods. Rather, most of the precipitation appears in the inter-monsoonal periods from 
March to May (minor rainy season) and October to November (major rainy season).^^ 
Due to the long settlement history of Sri Lanka, potential natural Vegetation is scarce and 
some secondary forests have developed on the slopes of the isolated hills. In the region of 
Anuradhapura, wet rice is the main crop under permanent cultivation, mostly in the valley 
bottoms, spatially alternating with chena agriculture, the traditionally practiced shifting 
cultivation, which is found mainly along the plateau divides.^'* 

The topography of the area is generally flat, with some gently rolling plains with some 
isolated hills. To the east of Anuradhapura, the river Malwathu Oya flows in a northerly 
direction. The geology of the study area is dominated by plutonic rocks, mostly granitic, 
migmatitic and chanockitic gneisses of the Precambrian age. The Anuradhapura area 
belongs to the geological formation known as the Wanni complex.^^ Intensive chemical 
weathering under tropical environmental conditions caused the development of a sapro- 
lithic layer up to several meters thick, which covers the bedrock.^^ Outcropping bedrock 
is therefore a rare phenomenon. 

A linear rock outcrop 75 to 100 m in width and 4 km in length transects the area of the 
ancient city from south to north, due to its elevation, it is the region’s most prominent 
geomorphological feature (Fig. |^. The outcropping bedrock appears in the form of i) 
plain rocky surfaces exposed only a few decimeters above the present day surface, ii) 
rock boulders up to 10 m in height and 8 m in diameter, iii) some of which appear as 
small-scale basal knobs,^^ or inselbergs, with their basal section buried in the subsurface.^* 
Occasionally these outcrops have formed natural rock shelters. 


5.2 Settlement history and structure of the city 

The settlement history of Anuradhapura can he traced back to the Early Iron Age, which 
is dated to 1000 to 800 BCE approximately.^^ Wattle and daub constructions comprised 
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i- Legend- 
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Fig. 2 I Structure of ancient 
Anuradhapura city and geology 
of the study area. 


the architecture of that period.^® However, peoples who lived in the Early Iron Age did 
use stone materials to construct tombs for the burial of their ancestors.^^ The historical 
written sources and findings of archaeological excavations offer little evidence of stone 
architecture before the 200 BCE to 100 CE period.^^ 

King Pandukabaya (437-367 BCE) developed the Settlement at Anuradhapura as the 
Capital of the Anuradhapura Kingdom (3rd Century BCE to loth Century CE).^^ Düring 
this period, the urban structure of the city developed different functional units.^"* The area 
of the citadel, which was surrounded by a rampart and a moat, represents the fortified 
Center of the city.^^ The major monastic complexes are located immediately adjacent to 
the citadel to the north and south, with smaller monasteries found along the central rock 
outcrop line, as well as west of this geological feature. Reservoirs, called tanks (Sinhala, 
wewa), which were constructed cascade-style along the river courses to störe run-off for 
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irrigation purposes, built the third functional unit of the ancient city.^^ According to 
archaeological evidence^^ and written chronicles (especially Sinhala Mahavantsa), use of 
stone Blocks and burnt bricks in the construction of Buildings did not statt before 200 
BCE.^^ Although it is possible to identify the initial construction of major monasteries 
and tanks with the reign of certain kings (Tab.j^, the identification of specific building 
phases and a precise dating of the preserved ruins is difficult. Nevertheless, Bandaranayke 
States that these remains were probably constructed during late Anuradhapura period 
(Tab.[^.^^ 


Phase 

Period 

Reign of kings 

Phase I 

3rd Century BCE to ist 
Century CE 

Devanampiyathiss (250 BCE-210 BCE) 
to Vasabha (65-109 CE) 

Phase II 

ist Century CE to 5th 
Century 

Vasabha to Mahanama (410-432 CE) 

Phase III 

5th Century to yth Cen¬ 
tury CE 

Datusena (459-477 CE) to Manawamma 
(684-718 CE) 

Phase IV 

yth Century to the end of 
the loth Century CE 

Manawamma to Chola conquest 
(993 CE) 


Tab. I I Phases of the Anuradhapura period (according to Bandaranayake 1974 1. 


Type 

Constructions 

Reign of kings 


Abayagiriya 

King Valagamba (89-77 BCE) 

Monastery 

Jathawanaramaya 

King Mahasena (273-301 CE) 

Mahaviharaya 

King Dutugemunu (161-137 BCE) 


Mirisavetiya 

King Dutugamunu (161-137 BCE) 

Tanks 

Basawakkulama 

Pandukabhaya (437-367 BCE) 

Tisawewa 

Devanampiya (307-267 BCE) 


Tab. 2 I Age of major construction works in Anuradhapura (according to the Mahawamsa). 


5.3 Methods 

Fieldwork was conducted in March to April in 2013 and 2014, bedrock outcrops lying 
within an approximately 4 km radius from the center of the Citadel were systematically 
surveyed in order to identify and map sites of quarrying activities. The definition of the 
research area was based on the density of the historic monasteries surrounding the Citadel. 
Maps were generated using satellite Images. 

Classification of the rock quarries was carried out qualitatively, based on the at least 
one of the following characteristics, which could he ascertained at the site, i.e. (i) mor- 
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phology, (ii) quarry position with respect to the outcrop, (iii) subsequent usage of the 
quarry sites (Tab.j^. 


Quarry type 

classified based on 

the 

morphology 

location’' 

post usage 

Boulder 

+ 



Pit 

+ 


+ 

Boulder top 


+ 

+ 

terrace 




Surface 

+ 



Rock shelter 


+ 

+ 

Tank bottom 


+ 


Quarry location in respect to the outcrop 


Tab. 3 I Accessible 
Classification parameters of 
ancient quarry sites in the 
Anuradhapura. 


6 Results 

6.1 Identification of quarries 

Quarry identification is based primarily on tbe documentation of quarry marks, specifi- 
cally, drilled quarry boles. Two types of quarry marks were observed: i) drilled, but not 
fractured boles in tbe bedrock (Fig.|^), and ii) balf-bole structures wbicb remained after 
tbe successful Splitting of stones blocks (Fig.|^). Tbe quarry boles are mostly oval in sbape 
and Vary in size from z cm to 5 cm in diameter and 5 cm to 9 cm in deptb. Depending 
on tbe size of the stone selected for Splitting, the individual quarry boles are spaced at 
intervals of between i cm and 14 cm. 

Quarry features indicate that the stones extracted by the ancient craftsmen were pre- 
dominantly geometrical in sbape (such as cubes, cuboids and rectangular prisms of differ- 
ing sizes). In some cases, split but unfinished stone blocks, e. g. pillars, were found in the 
area of quarries. No tools belonging to the ancient stonecutters were found at any of the 
quarry locations investigated; an assessment of a chronological frame of the quarrying 
activities is not possible. Consequently, the techniques used to split the stones provide 
the basis for distinguishing between ancient and a more modern quarries; any quarry 
exhibiting the chiseled quarry boles described above bas been interpreted as an ancient 
quarry. In modern times, quarrying activities in Sri Lanka have been conducted with the 
use of an explosive substance and modern machines. 


6,2 Classification and distribution of quarries 

A total of 65 ancient quarry sites were recorded and classified according to the developed 
Parameters (Tab.|^. The Classification into six types is based on quarry site morphology, 
the location of the quarry in the outcrop (quarry position with respect to the outcrop) 
and incidence subsequent use of the quarries. The majority of the ancient quarries, 59 of 
the 65 identified, are situated along the central rock outcrop line; the remaining six lie 
west of the rock outcrop line. None of the quarries identified lie east of the rock outcrop 
line (Fig.|^. 

Th US, it was primarily the granitic gneiss of the central rock outcrop line that was exploited 
in ancient times, while the migmatite hornblende gneiss occurring near the surface west 
of Anuradhapura was also exploited to a minor extern. 

The six quarry types can he characterized as follows (Fig.j^ Fig-@ Tab.j^: 
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Fig. 3 I Different types of quarries in the region of Anuradhapura: (a) boulder quarry, (b) boulder top 
terrace quarry, (c) rock shelter quarry, (d) surface quarry, (e) pit quarry, (f) tank bottom quarry. 


Quarry type 

Location’^ and number 


On the 
outcrop line 

Outside 

total 

Boulder 

38 

- 

38 

Pit 

I 

3 

4 

Boulder top terrace 

15 

- 

15 

Surface 

I 

2 

3 

Rock shelter 

3 

- 

3 

Tank bottom 

I 

I 

2 

Total 

59 

6 

65 

Location in the landscape 


Tab. 4 [ Type and locations of 
65 ancient quarry sites in the 
surrounding of the 
Anuradhapura Citadel. 


a) Boulder quarries. Boulders, resulting from weathering of the parent bedrock 
along the rock line and exposed by erosion, were frequently used for exploitation of stone 
for building material. There were 38 boulder quarry locations identified in the research 
area. The natural shape of the boulders was lost as a result of the quarrying. 

b) Boulder-top terrace quarries. At some locations, ancient craftsmen extracted 
small amounts of rock materials from the top of boulders to obtain building material and 
to level the boulder surface. The material was extracted without destroying the boulder 
as a whole. Frequently, architectural remains, like small stupas or brick structures, can be 
found in these terrace-like settings. Altogether, 15 boulder-top terrace quarry locations 
were identified in the research area. 

c) Rock-shelter quarry. Rock shelters which ancient craftsmen mined limited 
amounts of rock materials without causing the shelter’s destruction are classified as rock- 
shelter quarries. Three quarries of this type were identified in the study area. 

d) Surface quarries. Sites where material was mined directly from the surface level. 
Three surface quarries were identified in the research area. 

e) Pit quarries. At some locations, surface-near bedrock was mined by creating pits. 
The pit quarry locations found are four in number. ln general, pit quarries were later 
transformed into ponds. 

f) Tank-bottom quarries. The quarries currently located at the bottoms of tanks 
have been classified as tank-bottom quarries. The numerous pieces of cut stone, ranging 
in size between 50 cm and 500 cm, constitute the most notable feature of this quarry type. 
















56 


Thusitha Wagalawatta - Wiebke Bebermeier - Daniel Knitter - Kay Kohlmeyer - Brigitta Schütt 



l- Legend- 
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Fig. 4 I Classification and 
distribution of ancient rock 
quarries in the city area of 
Anuradhapura. 


Two quarries of this type were identified, orte at the bottom of the Basawakkulama tank 
and one at the bottom of the Tisawewa tank. These quarries are visible only during the 
drought season when the water level is low. 


7 Discussion 

7,1 Identification of ancient rock quarries in Anuradhapura 

Drilled quarry holes on rock outcrops and unfinished stone blocks were identified during 
the survey as the most marked evidence of quarrying activities in the area around Anurad¬ 
hapura. We found no other traces of the quarrying process, such as the presence of spoil 
and tools found at ancient quarries in the Mediterranean and Egypt.“*® 

For the most part, the rock quarries in the region of Anuradhapura are small in scale. 
Accordingly, one could not expect any major accumulation of excavation material, and 
indeed, such an accumulation was detected only at tank bottom quarries (Fig. [^. In 
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addition, because hard rock is a scarce resource in Sri Lanka, it is highly probable tbat 
tbe rural population reused tbe quarry dumps. Moreover, one sbould also bear in mind 
tbat arcbaeological excavations conducted at tbe beginning of tbe zotb Century must bave 
resulted in tbe destruction of tbe evidence of quarrying activities. 


7,2 Classification and distribution of the quarries 

Wbile ancient quarries in tbe Mediterranean'*^ are frequently categorized in terms of tbeir 
location witbin tbe landscape and petrograpby,'*^ rock quarries found in tbe binterland 
of Anuradbapura are relatively uniform witb respect to tbese cbaracteristics. We tberefore 
used morpbology, subsequent usage and quarry position at tbe outcrop to classify tbe 
quarries in tbe vicinity of Anuradbapura. ‘Subsequent usage of tbe quarry’ refers to bow 
people used tbe quarry site after initial quarrying activities bad ceased. Tbere is evidence 
tbat ancient people quarried limited amounts of material from tbe outcrops in order to 
convert tbe quarry location for anotber purpose; boulder-top terrace, pit and rock-sbelter 
quarries are examples of tbis (Tab.j^. ‘Quarry position at tbe outcrop’ refers to tbe section 
of tbe outcrop tbat was utilized for quarrying activities; for instance tbe top section of a 
boulder, tbe section inside a rock sbelter or tbe area at bottom of a tank (Tab.[^. 

a) Boulder quarries-. Rock boulders appear frequently along tbe rock outcrop line. Tbe 
bigb frequency of tbis type testifies to tbe intensive exploitation of tbese boulders in 
ancient times. 

b) Boulder-top terrace quarries-. Buddhist monasteries played a pivotal role in defining tbe 
structure of tbe ancient city of Anuradbapura.^*^ In ancient Sri Lanka, elevated locations 
were preferred for tbe construction of smaller Buddhist monasteries and other sacred 
buildings, such as stupas, as height bad a protective function.^*^* Witbin the study area, 
such buildings are frequently found on top of basal knobs and inselbergs. Mining of rock 
materials on boulder-top locations may tberefore bave been performed witb the intent 
of preparing platforms to serve as sites for the construction of sacred buildings, also the 
structural stability of the buildings benefit from the rocky surface in the Underground. 

c) Rock-shelter quarries-. Utilization of natural rock shelters for habitation or as sacral 
chambers is clearly documented as far back as the beginning of the Buddhist civilization 
in Sri Lanka.'*^ The Mahavamsa teils of King Devanampiyatissa converting natural rock 
shelters to dwelling places for Arhath Mahinda as earliest historical use.^*^ Occasionally 
Buddhists used to prepare natural rock shelters, constructing a drip ledge above the 
roof portaf^**^ and donate them to Buddhist monks. In some cases, the entrances to the 
rock sbelter were properly covered by masonry brick walls. Thus, the main objective of 
quarrying activity in natural rock shelters seems to bave been an expansion of living space. 

d) Surface quarries were used to mine construction material tbat was exposed to the 
surface. Tbis was a highly efficient type of quarry, entailing relatively low labor intensity 
compared to mining from pit quarries, for example. The surface could easily be restored 
after stone exploitation activities, which is one reason why surface quarries are now 
difficult to detect in the densely vegetated landscape, and hence why only three quarries 
of tbis type were identified in the survey. 
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e) Pit quarries are found exclusively at a distance from 500 to 1000 m west of the rock 
outcrop line, where outcropping bedrock and boulders are scarce. Areas featuring near- 
surface bedrock were preferable for use as basements of sacred buildings or monasteries. 
Tbis meant tbat tbe availability of stones as building material eitber depended on trans- 
port from tbe rock outcrop line or required pitting. Pit quarries tberefore suggest tbat tbe 
exploitation of tbe raw material near tbe relevant construction area was more cost effective 
tban arranging tbe transportation of beavy rocks across a nearly impassable terrain of 
wetlands and ridges covered by dense tropical forests/^ Once mining was finisbed, tbe 
pits could easily be converted into ponds to use for storing surface runolf in tbe rainy 
season. ^ 

f) Tank-bottom quarries constitute a special type of quarry as tbeir Classification as such 
is based solely on tbeir present-day location in ancient tanks. Tbis location means tbat they 
can only be examined when water level in the tank is low. Both of the tank-bottom quarry 
sites in the study are located along the bedrock outcrop line (Fig.|^. In the center of the 
Basawakkulama tank, boulders of the bedrock line protrude out of the water throughout 
the year, so access to these parts of the tank bed was not possible within the framework 
of our investigation. Only the margins of these two quarry sites were mapped [Tisawewa 
and Basawakkulama). Consequently, recording of data on tank bottom quarries entailed 
a systematic uncertainty, as tbeir accessibility is limited to times of low water levels in 
the ancient tanks. comparison to the quarries of other types, both tank bottom quarries 
are characterized by remarkable remains of extensive stone cutting activities, such as an 
assemblage of stone blocks with quarry marks and slabs, pointing to the exploitation of 
the vast amount of rock material tbat was removed from the tank bottom (Fig.j^. 

The tank-bottom quarries differ from the other quarry types classified in one other im¬ 
portant respect: Written chronicles date the construction of the tanks Basawakkulama and 
Tissawewa to 400 BCE.™ Assuming tbat the quarrying activities preceded the construction 
and flooding of the tanks, tank ages provide a tentative minimum age for the beginning 
of quarrying activities. 



Fig. 5 [ (a) view from the banks of Basawakkulama tank to the South during rainy season (December 2012). 
(b) assemblage of stone blocks and slabs on the bottom of Basawakkulama tank during visible during low 
lake level in August 2014 with some of them showing quarry marks (c). 


8 Conclusions 

The development of Anuradhapura city as the Capital of the ancient kingdom of Anurad- 
hapura and the attendant demographic expansion concomitantly increased the demand 
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for natural resources. Arable and grazing land water, fuel and building material are tbe 
five basic natural resources wbicb determine tbe suitability of tbe natural environment for 
Settlement.^' In a tropical county like Sri Lanka, wbere migbty saprolites, several meters 
in tbickness, overlie tbe bedrock, rocks are a scarce resource. Hence, tbe accessibility of 
stone resources for use as building material migbt bave been a decisive factor favoring tbe 
establisbment and development of tbe ancient Anuradbapura Settlement. Tbis bypotbesis 
applies especially witb respect to Anuradbapura’s function as a Capital, wbicb entailed 
tbe construction of representative buildings. Anuradbapura’s position between tbe rock 
outcrop line to tbe west, offering tbe natural resource of rocks for use as construction 
material, and tbe Malwatbu Oya to tbe east, providing tbe natural resource water as well 
as fertile floodplain soils, offers impressive testimony to tbe location’s advantages for tbis 
purpose (Fig.|^. 

All of tbe quarries in Anuradhapura recorded in tbis study are located within a small, 
geologically uniform area, wbicb makes Classification on tbe Basis of petrological and 
lithological characteristics dilficult and of little relevance. Morphology, subsequent usage 
of tbe quarry and tbe quarry position at tbe outcrop are more applicable Classification 
Parameters, since tbe quarries investigated bave more pronounced differences in those 
respects. 

Extensive exploitation of building material, especially along tbe rock outcrop line, 
resulted in considerable transformations of tbe natural landscape. Several outcrop types 
were recognized as suitable for quarrying activities in tbe surroundings of Anuradhapura, 
including boulders and natural rock shelters situated along tbe central rock outcrop line 
as well as surface-near bedrock outcrops (Fig.j^). Depending on tbe size of tbe block to 
be extracted, ancient stoneworkers would bave assessed tbe outcrop’s quarrying potential 
and removed either parts of tbe outcrop or entire boulders were removed (Fig. &)■ After 
exploitation of stone Blocks, quarried areas were integrated into tbe built environment 
as basins for water storage, as enlarged rock shelters for living space or as platforms on 
wbicb to build stupas or other religious buildings (Fig. [^). Hence, tbe historic built 
environment that we see in Anuradhapura today is a product of a natural environment 
transformed through historic quarrying activities (Fig.|^. 
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A - Boulder top terrace quarry 
B - Rock shelter quarry 
C - Surface quarry 
D - Pit quarry 
E/F - Boulder quarry 


b - Quarring activities 


Fig. 6 I Evolution of the quarry landscape in the surrounding of Anuradhapura: a) Natural landscape along 
the rock outcrop line before quarrying activities had started (boulders, natural caves and surface rock 
exposes), b) descendant landscape after potential quarrying activities (either of parts of the outcrop or of 
whole boulders were removed), (c) Integration of the built environment with quarry locations. 
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Laura Morabito 


An Integrated Workflow for Dealing with 
Prehistoric Landscapes: Reconstructing 
Structures, Relationships, and Places 


Since uncertainty is part and parcel of archaeology, using the scientific method to re- 
construct historical processes is an absolute priority. This is even truer for prehistoric 
contexts, where human traces on the territory are ephemeral and less invasive. Working 
on prehistoric landscapes presents the researcher with complex methodological issues that 
must he dealt with. GIS technology is a leading method of highlighting the elements that 
condition Settlement choices; it clarifies the interaction among different types of sources 
and increases their informative potential. This contribution describes the methodological 
workffow we applied to deal with such issues through a case study of Settlement strategies 
during the Bronze Age in Tuscany, Italy. 

Ancient landscapes; Computer applications in archaeology; GIS; Bronze Age; prehistoric 
archaeology; Settlement strategies. 


I Introduction 

This contribution describes the methodological workflow we applied to a case study of 
Settlement strategies during the Bronze Age in Tuscany. Since a degree of uncertainty is 
inherent in all archaeological reconstructions, the scientific method should take prior¬ 
ity when reconstructing a historical process. This is even truer in prehistoric contexts, 
where human traces on the territory are usually ephemeral and less invasive. Working on 
prehistoric landscapes presents several objective dilficulties and forces the researcher to 
face complex methodological questions. A correct methodological approach should over- 
come the antinomy between determinism and relativism, striving for scientific objectivity 
without losing sight of the cultural, symbolic, and ideological variables that contribute 
to landscape formation. This makes setting up a suitable methodology not only a starting 
point but also a goal for any study in the field of landscape archaeology. 


2 A complex case study: Investigating Settlement strategies 
during the Bronze Age in Tuscany 

The case study we present in this paper describes the research process for investigating 
the dynamics of the prehistoric population during the Bronze Age in Tuscany. A large 
number of archaeological investigations have sought to understand settlement strategies 
in central Italy, a pivotal region between northern European and Mediterranean cultures. 
We can outline current theories about this topic as follows: 
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- At the beginning of the Middle Bronze Age, the distribution of Settlements in cen¬ 
tral Italy sbowed a clear preference for morpbological bigbs, botb for defensive 
purposes and for tbe Strategie control of natural resources and patbwaysd 

- Long-term settlement continuity and expansion of Strategie sites occurred in tan- 
dem witb settlement abandonment of nonstrategic sites: tbis process of “settlement 
selection and concentration”^ led to tbe growtb of proto-urban centres during tbe 
Iron Age.^ 

- Caves and rock sbelters were only used as temporary refuges, in connection witb 
pastoral activities like seasonal transbumance."' 

- Tbere was consistent and dense occupation of Coastal and internal wetlands tbrougb- 
out tbe Bronze Age.^ 

- A dynamic agro-pastoral System developed progressively, witb a consequent need 
for exploitable territories.^ 

Tbe wide cbronological and geograpbical framework of our researeb necessitated a ratber 
large number of botb general purposes and specific objectives. 

One of tbe main general purposes was tbe syncbronic analysis of tbe Settlements 
network in Tuscany during tbe different pbases of tbe Bronze Age, in order to understand 
tbe effects of buman action on tbe landscape. Anotber general aim was tbe diacbronic 
analysis of settlement strategies in relation to geomorpbology and natural resources, so 
as to identify tbose elements tbat may bave conditioned tbe continuity and/or ebange 
in Settlements througb time. For tbe bistorical reconstruction, we wanted to test current 
tbeories regarding settlement strategies during tbe Bronze Age in central Italy and uncover 
possible discrepancies or confirmations by using an updated data set and new tools and 
metbods. Witb regards to tbe specific objectives, we first aimed to create thematic cartog- 
raphy for Tuscan settlement network during the different pbases of the Bronze Age; tbis 
Step was also necessary for the Identification of possible biases tbat could bave influenced 
the distribution of archaeological sites. We then sought to investigate the syncbronic 
and diacbronic location of different typologies of sites (settlements, funerary sites, man- 
ufacturing sites) and identify their relationship with natural resources (water, good soils, 
metals), not only in terms of exploitation but also in terms of control and management. 
Our broad aim was to correlate settlement continuity of occupation with Strategie control 
of natural resources and exchange paths and/or accessibility to these. Our emphasis on 
material culture (ceramics and/or metals) was intended to detect possible associations 
between settlements and funerary sites, manufacturing sites, ritual sites, and metal hoards; 
tbis focus was also fundamental in investigating mobility and cultural exchanges between 
different cultural groups (with a special focus on northern Tuscany and neighbouring 
regions). Our last specific objective was the in-depth investigation of some case studies 
at an intra-site scale of analysis, in order to collect detailed and concrete data on the 
settlement strategies eventually identified at a regional and subregional scale of analysis. 
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3 Methodological, practical, and ‘ethical’ issues in dealing with 
ancient landscapes 

The definition of archaeology as buried patrimony refers not only to individual archae- 
ological sites, but also to the Settlement networks to which they belonged. In order to 
reconstruct the historical and cultural evolution of a territory, researchers need to uncover 
these hidden relationships: they are among the main methodological issues in dealing 
with ancient landscapes. It is necessary to think of the formation of a landscape as the 
result of different kinds of both conscious and nonconscious choices, both rational and 
nonrational; for this reason, the idea of presenting schematic and universally valid models 
is, to say the least, a naive conviction. Admittedly, some essential prerequisites condi¬ 
tion the choice to occupy an area and the evolution of that area.^ Basic examples are 
the availability of natural resources (especially water) and access to mobility networks. 
Adopting suitable methods to detect these prerequisites and their relationship with the 
social, political, economic, and even spiritual geography of a territory is ultimately one 
of the main goals of any landscape archaeology project. 

This general consideration aside, there are several other practical matters to deal with: 
first of all, the discrepancies between the landscape as it is now and as it once was, both 
in relation to environmental changes and, therefore, in terms of landscape perception. 
Such discrepancies are extremely complex for the prehistoric period and must not he 
ignored, however complex it may he to overcome them. Another difficulty in dealing 
with prehistoric landscapes is the complex concept of ‘simultaneousness’ in prehistory. 
Beyond the actual difficulty of integrating results from different dating methods into a 
single chronology (either relative or absolute), there is a strong absolute temporal dilation 
that characterizes different periods in prehistory* This means, for example, that a map of 
Early Bronze Age sites could actually show sites that never really coexisted and could have 
been occupied by communities from different generations, well separated in time. The 
only way to solve this question is to work hard on the archaeological data, in an attempt 
to link stratigraphy and scientific dating methods where possible and to build strong 
chronotypological sets, especially for those periods lacking diagnostic finds. A further, 
troublesome problem is linked to the heterogeneity of the archaeological sources, in terms 
of either their spatial distribution or the different ways of investigating and discovering 
the sites. In this case, the only solution is to check the consistency and validity of the 
archaeological data set to identify biases in its composition, as well as to highlight the 
different characteristics of each site (in terms of investigation methodologies, means of 
discovery, positioning accuracy, etc.), ideally creating homogeneous subsets of data to 
work with. 


3.1 The importance of remaining unbiased 

The issue of heterogeneity in archaeological site distributions is tightly linked to that of 
the bias elements affecting archaeological data. Current theories and best practices about 
biases in Mediterranean archaeology have been extensively debated in the last decade.^ 
Identifying and, where possible, quantifying and correcting biases in archaeological dis¬ 
tributions is accepted as an absolute priority when working on ancient landscapes through 
field survey. Nevertheless, it is still necessary to develop suitable methods for quantifying 
and correcting biases in data sets that come from published data arising from earlier 
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Fig. I I Multi-scale analysis for 
the case study of Bronze Age 
Tuscany; from the single 
structure (i) to the 
archaeological site (2), up to the 
subregional (3) and regional 
context (4). 


surveys.'° Taking as a starting point the guidelines emerging from the recent proceed- 
ings of the Hidden Landscape in Mediterranean Europe Conference'^ and from other 
significant practices,'^ it is possihle to categorize the potential hiases in archaeological 
site distrihution into three main categories: history of research, archaeological visihil- 
ity, and incorrect data Interpretation. In our own case study of Bronze Age Tuscany, we 
checked the initial data set for several hiases affecting archaeological visihility, such as land 
cover and post-depositional factors (in particular, alluvial accumulation and erosion), after 
highlighting discrepancies hetween high-density and low-density areas resulting from 
the area’s research history. We then identified particular categories of data whose statistic 
incidence could have produced an incorrect interpretation of Settlement strategies during 
the Bronze Age.'^ The correct reading of high-density and low-density areas has heen of 
a fundamental importance for every suhsequent Step of the research. 


4 General methods, specific tools, and accurate procedures: 
Modelling the workflow 

Considering the general methodological issues discussed ahove and the specific case study 
of Bronze Age Tuscany, which provides a wide and diversified chronological and territorial 
context, we used a multi-source and multi-scale methodology to carry out our research. 
This approach is hased on a hi-univocal interaction hetween analysis done on a reduced 
scale (regional or suhregional) and analysis done on a more detailed scale, up to the intra- 
site level (Fig.[^. 

This dialogue and interaction among different kinds of sources, allows the largest 
possihle amount of Information to he ohtained concerning a particular area.'"* Starting 
from a more general analysis and reaching a detailed point of view, and vice versa, one can 
supply a landscape with a component of concreteness, which helps in its interpretation. 
On this specific case study, this kind of approach allowed us to highlight particular ele- 
ments that told the story of a complex landscape and a particular time period, featuring 
cultural exchanges, communication hetween communities, and definition of pertinent 
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areas, issues which could not be ignoredd^ In order to manage the huge amount of 
data and to shift quickly between different scales of analysis, a Computer Science-linked 
approacb was deemed tbe best solution to reconstruct tbe Tuscan landscape during tbe 
Bronze Age. Tbe main Computer Science resources used in our reconstruction of tbe 
ancient landscape comprise: 

- Data Base Management Systems (DBMS): an alpbanumeric relational database was 
used to record arcbaeological sites in order to simplify tbe cross-cbecking of data 
tbrougb ad boc queries. In addition to tbe Standard information fields (site typology, 
Position, geomorpbological context, cbronology, description, and otbers), we set up 
special fields, such as positioning accuracy and times and metbods of discovery and 
Investigation, wbicb proved very useful wben cbecking tbe effective Utility of some 
data for tbe different kinds of subsequent analysis. 

- Computer Aided Design tecbnology: CAD Software is of primary importance for 
intra-site analysis, mainly because of its tbree-dimensional rendering ability. Tbe 
analysis of tbe elevations of artefacts, structures, and tbeir spatial relationsbip witb 
base morpbologies is an essential tool for cbecking site stratigrapby and micromor- 
pbology. 

- Geographie Information System tecbnology represents tbe final Computer Science 
Support in our workftow. Tbe development and use of GIS in botb landscape ar- 
cbaeology and intra-site analysis not only simplified tbe comparison and interaction 
among different kind of sources, but also significantly increased tbeir informative 
potential by tbeir greater interconnections, tbanks to tbe layered structure of tbe 
tecbnology and its ability to overlay tbe information levels topologically. Tbe cboice 
of tbis approacb partially inftuenced tbe sequence of tbe general workftow and the 
tools used in each stage. The working stages were as follows: 

- Design and construction of a relational database for the recording of arcbaeological 
sites 

- Collection and review of the available arcbaeological data 

- Establishment of a suitable cartographic Basis 

- Acquisition (and re-elaboration, wben necessary) of a good digital elevation model 

- Design and construction of a GIS platform for the analysis of the data collected 

- Geo-referencing of information on the GIS platform 

- Classification of arcbaeological sites on a functional, locational, and chronological 
Basis 

- Identification of physiographic units, in order to make the heterogeneity and the 
extension of the study area more manageable'^ 
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The identification of subregional physiographic units is initially based on the principles of physical 
geography starting with the definition of the main river basins, but aims at a bettet understanding of 
human geography. River valleys are, in fact, not only a natural means of communication and cultural 
exchange, but also possible basins of different human communities. Once the main basins were identified 
and compared to topography and arcbaeological data, ii physiographic units were mapped. After 
this detailed subdivision, an accurate reading of the arcbaeological data led us to outline two macro- 
physiographic units, almost perfectly corresponding to the macro-basins of the two main Tuscan rivers, 
the Arno and the Ombrone. These two macro-physiographic areas of Southern and northern Tuscany 
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- Identification of eventual bias elements in the archaeological distribution (compar- 
ison witb bistory of researcb, geology, land use, and soil erosion reclassified in terms 
of visibility) 

- Spatial analysis of tbe relationsbip between archaeological sites’ distribution and 
geograpbical variables 

- Spatial analysis of tbe relationsbip between archaeological sites’ distribution and 
water or mineralogical resources 

- Spatial analysis of the relationsbip between archaeological sites’ distribution and 
mobility paths 

- Statistical analysis aimed at identifying specific trends in locational choices 

- Visual analysis in a CAD environment and spatial analysis in a GIS environment in 
case of intra-site zooms 

- Data Processing and creation of Settlement strategy models, both synchronically and 
diachronically 

- Data restitution through a specific cartographic corpus 

The integration of different tools borrowed from Computer Science and statistics, the gen- 
eration of unbiased data sets, the individuation of essential geograpbical and topograph- 
ical attractors in settlements choices, and an eye toward the social, political, economic, 
and symbolic dimension of proto-historic communities: this was our main theoretical 
and methodological framework, so that we could avoid mere geograpbical determinism 
without falling into total relativism. 


5 Does the workflow work? Recomposing data, outcomes, and 
perspectives for a complex case study 

We have already highlighted the objective difficulties we encountered in dealing with 
prehistoric landscapes during the development of the researcb presented here as a case 
study. The main issue was the irregulär and biased distribution of the archaeological data 
sources, in terms of both data consistency and the availability of publications. 

The main methodological means of facing this bias was to develop a multi-source and 
multi-scale approach. The starting point of the researcb was the preliminary quantification 
and regional scale analysis (scale 1:1,250,000) which allowed us to highlight some issues 
that were examined in depth at a later stage, at other scales of analysis and/or with specific 
methods. 

The Opposition between low-density and high-density areas in the archaeological dis¬ 
tribution forced us to consider possible bias elements in the initial data set. Modelling 
and interpreting the different kinds of biases (scale 1:1,250,000) concretely helped in 
reading the different densities in the archaeological distribution correctly and avoiding 
errors in their interpretation. Similarly, modelling the available paleo-environmental data 
(scale 1:1,250,000 to 1:25,000) and extending the model to those areas with no specific 
studies in this field was of primary importance for a correct reading of the archaeolog¬ 
ical distribution, especially in relation to water and Coastal resources. This was possible 


correspond to different macro-cultural areas, characterized during the entire Bronze Age by distinct 
material cultures and Settlement strategies. These two macro-areas intersect in a very well-known ritual 
area, the Cetona Mountain, which is also a cultural link between them, as clearly shown from the material 
culture (Morabito and Giovanna; 
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thanks to the in-depth analysis at subregional scale (scale 1:500,000 to 1:250,000) and at 
physiographic unit scale (scale 1:350,000 to 1:250,000). The importance ofwater resources 
bas also been analysed from the point of view of the possibility of using river valleys as 
natural communication paths. An in-depth analysis of this perspective was presented for 
the case study part of our research project of the cultural relationship between the Italian 
regions of Tuscany and Emilia Romagna (scale 1:750,000). The application of innovative 
models in Italian archaeology (such as the MADO modeT^) and the comparison with 
other reconstruction methods of prehistoric mobility allowed us to generate a contact 
network between the two cultural groups we analysed. Mobility analysis highlighted how 
the Florentine plain played a leading role in the process of cultural exchange between 
Tuscany and Emilia Romagna.^^ Moreover, we selected this area as a case study for the 
intra-site analysis (scale i:ioo to i:io) because of the peculiarity of this context - an 
alluvial plain that was a wetland during the Bronze Age - which provided a focal point 
from different points of view. Coming down to this scale of analysis facilitated a better 
understanding of the contacts with the Emilia Romagna cultural groups, and especially 
of the relationship between communities and wetland resources. In the Florentine plain, 
in fact, research into this natural resource implies the reiteration of the same Settlement 
strategy for centuries during prehistory and beyond. 

Another focal point of our research has been the analysis of the motivations for con- 
tinuity of occupation of particular sites or contexts; since the general presentation of 
the data set highlighted how the majority of long-term continuity sites were placed in 
Southern Tuscany, we selected this area as a case study at a subregional scale of anal¬ 
ysis for this issue (scale 1:500,000). After analysing variables such as the availability of 
water and mineral resources, an innovative approach to the analysis of site accessibility 
generated stimulating results from the methodological point of view (the elaboration of 
“focal mobility networks” and “accessibility signatures”^^), and a more complete reading 
of successful Settlement strategies. 

Beyond enabling us to deal with specific issues, shifting between the regional and 
the physiographic scale of analysis (scale 1:350,000 to 1:250,000) allowed us to more con- 
cretely read the relationship between sites’ intrinsic characteristics (typology, chronology, 
function) and geographical variables. This was achieved by using inferential statistics to 
test the actual infiuence of the variables (Fig.|^. 

At the end of the process of data analysis and processing, some general trends and 
patterns in settlement strategies during the Bronze Age in Tuscany emerged. The main 
focal point was the accurate reading and interpretation of difterences and trait d’union 
between Southern and northern Tuscany. 

One of the main difterences is the nature of long-term continuity in the occupation 
of sites and particular areas. In Southern Tuscany, long-term continuity is mainly linked 
to high morphological position and defensive potential. In northern Tuscany, continuity 
means reiterated but not constant (possibly seasonal) occupation of areas with particular 
geographical and locational characteristics, as in the case of the Florentine plain or the 
caves and rock shelters used as refuges in connection with pastoral activities like seasonal 
transhumance. 

Another pronounced difterence between Southern and northern Tuscany is linked to 
the impossibility of applying to northern Tuscany the traditional patterns elucidated for 
central Italy in the literature. These patterns are, on the other hand, partially confirmed for 
Southern Tuscany: from the latest phases of the Early Bronze Age, this macro Tuscany unit 
shows a stabilization of the relationship between settlements and territory, understood as 
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Fig. 2 I Interaction among different kinds and scales of analysis. 


the beginning of a long-term occupation of suitable sites, not only in connection witb 
tbe exploitation of natural resources, but also witb Strategie and tactical needs. Tbis is 
clearly suggested by tbe number of Settlements created at morpbological bigb spots witb 
bigb defensive potential, coinciding exactly witb tbe latest pbases of tbe Early Bronze Age. 
Tbis pattem becomes canonical for tbe subsequent pbases of tbe Bronze Age in soutbern 
Tuscany. One innovative outcome of tbe present researeb bas been tbe impossibility of 
confirming anotber pattem for tbis area, one specified in tbe arcbaeological literature: 
tbe process of tbe selection and concentration of Settlements, wbicb basically consists of 
tbe expansion of Strategie sites and tbe abandonment of nonstrategic sites during tbe last 
pbases of tbe Bronze Age, witb a consequent decrease in tbe number of sites. 

Tbis particular process is not clearly readable from tbe results of our researeb, since 
during the Late Bronze Age the number of Southern Tuscany sites actually increased. 

Beyond the dilferences between Southern and northern Tuscany, an important trait 
d’union is the progressively more organized and intensive exploitation of natural resources, 
with a particular focus on wetlands and metallurgical resources. 


6 Final remarks 

While we consider the multi-source and multi-scale approach the strongest point of the 
workflow, the Computer Science approach to managing the huge amount of data and 
information bas undoubtedly been anotber significant outcome of tbis study. The op- 
portunity to recompose the data into a GIS platform allowed us to generate a holistic 
and hyper-informative environment that became the basis for our complex analysis of the 
multifaceted Tuscan territory during the Bronze Age. In particular, the Option of creating 
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Fig. 3 I Interaction among different kinds and scales of analysis. 


a large number of both syncbronic and diacbronic tbematic maps was in itself a goal we 
acbieved, as well as tbe basis for furtber spatial analysis. 

Summing up tbe complex set of metbodological and practical issues tbat emerged 
during tbe development of our workflow for dealing witb prebistoric landscapes, it is 
possible to say tbat tbe reasoned use of Computer Science and especially GIS can enable 
arcbaeologists to obtain botb a bolistic perspective on ancient landscapes and to focus 
on specific issues and activities connected to ancient landscapes. This is made possible 
mainly by GIS’s potential to manage a large number of different kinds of sources, botb 
arcbaeological and geograpbical (broadly defined), and to perform multi-scale analyses. 
Tbe availability and accuracy of tbe initial data set, tbe evaluation of bias elements, and tbe 
inclusion of appropriate functions and geo-processing tools will determine tbe outcome 
of tbe researcb, and may even lead us to reconsider tbe initial researcb question (Fig.|^. 
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Linking Hydrological Anomalies to 
Archaeological Evidences - Identification of 
Late Bronze Age Pathways at the Fortification 
Enclosure larcuri in Western Romania 

For the environs of the Late Bronze Age fortification enclosure larcuri the 
hydro-morphological relief characteristics are combined with archaeological evidences. 
Target of the study is to evaluate the impact of Settlement activities in the surroundings of 
larcuri on the development of the channel network. Data analysis is based on topographic 
map-derived and high resolution DEMs provided by LiDAR scanning; derivatives of the 
DEMs are used to characterize the different sub-catchments that show varying inffuences 
by the fortification ramparts. The tributaries reaching the receiving stream dose to the 
central Settlement area source dose to the gates in the ramparts in the Late Bronze Age 
built-up areas. Additionally, also the geometry of these tributaries differs from that of 
other tributaries. The distinct character of the channel network with repeatedly occurring 
rectangular bends indicates the capture of channels, which developed as gullies along 
paths by retrogressive erosion. 

Hollow ways; morpho-hydrological relief characteristics; human impact on drainage net¬ 
work development; Settlement patterns; landscape archaeology. 


I Introduction 

Consisting of four earth-filled wooden ramparts with a total length of more than 33 km 
the Late Bronze Age fortification enclosure larcuri covers a surface of more than 17.2 
km^. It is situated at the eastern edge of the Great Hungarian Plain and represents the 
largest prehistoric Settlement in Europe known so far. What is known after seven years 
of excavation and survey is that larcuri is a fortified settlement from the Late Bronze 
Age (Cruceni-Belegi^ culture).' There are rough ideas on the areas intra muros that were 
huilt-up and the density of the population.^ Unknown so far is the reason that a settle¬ 
ment of that size and structure was huilt in this landscape and what kind of society was 
powerful enough to impose and organize the construction of those ramparts and how 
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their economic Foundation looked like.^ Likewise, it remains unclear what impacts the 
fortification enclosures and the economic actions that are mandatory to supply such a 
society had on the natural environment. Certain archaeological questions can only he 
fully answered in Cooperation with earth Sciences and, in turn, some findings ohtained 
applying methods from earth Sciences can only he interpreted integrating archaeological 
findings. Hence, a landscape archaeological approach"* is applied in order to avoid the gap 
hetween Sciences and humanities. 

The ohjective is to relate archaeological evidences from the Late Bronze Age fortifi¬ 
cation enclosures and the Settlement areas to the morphological and hydrological char- 
acteristics of its environs. We hypothesize that the activities within and around the Late 
Bronze Age fortification significantly affected the development of the relief and caused 
varied morpho-hydrological particularities. In order to test our hypothesis digital ele- 
vation models (DEMs) are used to compare different hasins. Archaeological evidences 
are linked to LiDAR-hased DEM derivatives to explain the Formation of the morpho- 
hydrological anomalies. 


i.i Study site 

The archaeological site Corne^ti-Iarcuri is located in the Romanian Banat, about 20 km 
north of Timisoara. As a part of the Vinga Plain, the environs of larcuri are part of the west 
Romanian high piedmont plain (Eig. A moderate temperate climate, with annual 
mean precipitation of 550 mm and a potential evapotranspiration of about 700 mm 
prevails on the Vinga Plain.^ Geologically, the Vinga Plain is built up by a mixture of Early 
to Eate Pleistocene gravels, sand and clay.^ Düring the Quaternary the area was covered 
by loess and loess-like deposits. The soils that developed in these aeolian Sediments are 
characteristically Chernozems and Phaeozems. Variations that occur mainly due to relief 
differences include eroded Chernozems at the hillslopes, colluvisols at the footslopes and 
fluvic-gleyic Chernozems in the alluvial plains. The alignment of the mainly northeast- 
southwest oriented valleys is determined by the slight Southwest dipping of the Vinga 
Plain (Eig.j^.^ Two creeks that flow in wide saucer-shaped valleys cross the archaeological 
site from northeast to Southwest (Fig.[^.^ 

The relief in the surroundings of larcuri is composed of two general units: the high 
plain and the intersecting valleys. The high plain consists of wide, slightly undulating 
interfluves that decline from 170 m a.s.l. in the northeast to 130 m a.s.l. in the Southwest 
(Fig .|^). It’s slopes incline hetween 0° and 2°, only locally reaching up to 5° like in the 
northern part of enclosure III (Fig.|^). The two main valleys that dissect the high plain 
run in northeast-southwest direction. Numerous hollows and first order tributaries occur 
alongside these valleys. The course of some of these tributaries bends in an almost right 
angle and locally runs against the general surface gradient (Fig. |^). The transition be- 
tween the high plain and the valleys is usually marked by a shoulder with a distinct convex 
profile-curvature. At the shoulder inclinations increase up to 5° to 10°. Inclinations of 10° 
to 18°, locally increasing up to 22.5°, and mainly straight profile-curvatures characterize 
the midslope sections. At the footslopes, in the transition zone to the alluvial plains. 
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Fig. I I OverView map of the study area showing the location of the archaeological site Corne^ti-Iarcuri on 
the Vinga Plain and the approximate extension of the Late Quaternary Mure^ fan. 


the inclinations decrease to 2° to 5° and profile-curvatures become slightly concave. The 
alluvial plains are flat (0° to 2°) and relatively narrow. They only widen locally, e. g. in the 
central part of the second enclosure (Fig. § 3 ,C). 

The four earth-fllled wooden ramparts of larcuri are numbered I to IV from inside 
out. The innermost rampart I (Fig.j^) is nearly circular, has a diameter of approximately 
one kilometer and is situated on the plateau between the Carani and the Lake valley. With 
respect to the sense of a fortiflcation the Situation of rampart I seems to he consequent. 
Rampart II has an elliptic shape with a north-south running length axis. In its run it 
crosses both, the Carani and the Lake valley twice. At the present state of knowledge 
it is not possible to reconstruct whether the interruptions by the two valleys were closed 
during the Settlement period or not. Rampart III has the same oval, north-south elongated 
shape as the rampart 11 . Its course follows the divide of the Carani valley in the north and 
runs across the wide plateau divide between the Lake and Vineyard valley in the south. 
Rampart IV is northeast-southwest elongated and almost encloses the entire catchment of 
the Lake valley (Fig.j^). All four ramparts show defensive ditches in front of the ramparts 
and rearward depressions from where construction material was extracted. 

The site of larcuri is the largest prehistoric Settlement known by today. It dates to 
the Late Bronze Age, however, its Settlement history Starts already in the Copper Age 
(Tiszapolgär culture) around 4000 BC.^° The Copper Age flnds originäre from inside of 
the ramparts I and 11 . They do not occur area-covering, but locally lumped in the form 
of different kinds of Settlements like homesteads and a village. The four ramparts all date 
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Fig. 2 I Detailed maps of the study site. Surface elevation (a), slope gradient (b) and profile curvature (c). 
The dashed lines in the maps mark the location of the four enclosing ramparts of larcuri. 


back to the Late Bronze Age and are not linked to the Copper Age settlements. Rather, 
the Copper Age settlements are followed by a long hiatus that occurs until the Middle 
Bronze Age (Vattina culture). What happened during Middle Bronze Age remains widely 
unclear. It is assumed that a loose occupation with pit dwelling houses existed inside the 
second rampart,'' forming the nucleus for the big Late Bronze Age settlements. Since 
2007 areas inside the ramparts I and II and segments of the ramparts I, II and IV had been 
excavated. The whole first rampart and large parts inside rampart II have been surveyed 
by magnetic prospections and field walking (Fig.j^.^^ 


2 Methods 
2.1 Geography 

A digital elevation model (DEM) of the wider area of larcuri is created by applying the TO- 
POGRID^^ algorithm to the digitized contour lines of the topographic map^"* (1:25,000). 
Drainage divides and ordered^^ drainage networks are derived using an A^ least-cost 
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search algorithm.^^ Based on this the basin size and drainage density^^ are calculated for 
the basins. First and second order tributaries tbat directly drain into tbe main cbannel 
are counted and tbe frequency of tributaries per kilometer of tbe main cbannel course is 
recorded. Tbe ratio between lengtb of tbe flow path and the distance from the source to 
the mouth'* of the tributaries is used to distinguish between the straight, slightly bending 
and bending courses. The basin of the Lake valley is compared to neighboring third order 
basins: while the Lake valley is almost entirely surrounded by the four ramparts of larcuri 
and therefore, represents an area highly affected by Settlement activities. The neighboring 
third Order basins are more or less unaffected by prehistoric Settlement activities. The 
basins to be compared with the Lake valley basin are chosen due to their order, size and 
proximity to site of larcuri. 

Morphometrie and hydrological analyses are conducted on a LiDAR-based DEM. Ini¬ 
tial DEM Processing comprises smoothing and resampling. To reduce the noise of the 
surface elevation tbat is caused by the high ground resolution of the LiDAR data (initially 
0.5 by 0.5 m^) a large movingwindow (69 by 69cells) was applied for smoothing.'^ Apixel 
resampling to a resolution of i by i m^ was done in order to reduce the impact of very 
small artifleial features like furrows. The processed DEM is used to derive the slope angle 
and the proflle curvature using a moving window of 11 by 11 cells.^° The drainage divides 
and ordered^^ stream segments are deduced applying an A^ least-cost search algorithm 
to the LiDAR DEM.^^ The DEM derivatives were used to characterize the relief and the 
stream network morphometrically. The geometry of all tributaries that contribute to the 
creeks in the Carani and Take valley was assessed using the flow path length to distance- 
ratio.^^ 


2.2 Archaeology 

Beside excavations, large scale systematic fleld walking and geophysical prospections were 
applied (Eig 3). Between 2007 and 2012 the focus of excavation was on how the ramparts 
were constructed and how they are dating. Erom 2013 onwards the research concentrated 
on the investigation of the Settlement areas within the ramparts I and 11 . The trenches 
cutting the ramparts (so far ring I, II and IV) are long and narrow (2008: 80 by 5 m^) 
documenting the rampart and the adjoining defensive ditches in front and structures 
behind.^'* 

Gates in the ramparts were localized through an integrated application of excavation, 
magnetic prospections and EiDAR DEM-based mapping. The parameters that deflne a 
gate are the evidence achieved by excavation, a gap in the ramparts that is visible on the 
surface and the Interruption of the rampart and the defensive ditch as verifled through 
the magnetic prospections. 
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Fig. 3 I Locations of the excavations 2007-2014, field walking areas 2008-2014 and magnetic prospection 
areas 2008-2014 within the ramparts of larcuri. 


3 Results 
3.1 Geography 

The fortification enclosures of larcuri lie almost entirely within hasin i (Fig.|^. Basin i 
has a size of 7.44 km^ and a drainage density of 1.93 km’’km“^. Along the six kilometers 
of the run of the receiving stream a total of 14 trihutaries drain into it; the frequency of 
trihutaries per kilometer of the main channel totals 2.33. A total of nine (64.29 %) of these 
trihutaries are straight, the course of three (21.43 %) trihutaries is slightly hending and 
the course of two (14.29 %) trihutaries is strongly hending (Fig.|^. 

Small parts of hasin 2 are located in the huilt-up area of larcuris’ rampart IV. Basin 
2 covers an area of 8.31 km^ and it has a drainage density of 2.07 km''km“^. The main 
channel has a length of 6.51 km and twelve trihutaries drain into it; a trihutary frequency 
of 1.84 per kilometer is resulting. Regarding the form of the trihutaries it turns out that 
ten of them (83.33 %) are straight and two (16.67 %) are slightly hending (Fig.|^. 

Basin 3 lies outside the huilt-up environment of larcuri. It covers an area of 8.67 km^, 
has a drainage density of 1.49 km" km“^ and its receiving channel is 6.53 km long. Twelve 
trihutaries drain into the receiving channel, consequently the trihutary frequency per 
kilometer totals 1.84. Eleven (91.67 %) of the trihutaries have a straight course and one 
(8.33 %) has a slightly hending course (Fig.|^. 

Basin 4 is with an area of 5.71 km^ the smallest of the four catchments. As hasin 3, it 
lies outside the direct influence of the constructed area of larcuri. Its drainage density is 













Linking hydrological anomalies to archaeological evidences 


83 



Flow path length to 
distance-ratio 

- 1-1.15 


1.15-1.30 


1.30-1.44 


2 km 


Source: Directia Topograficä Militarä 1982. Reference System: WGS 1984; projection; UTM 34N 
Geometrie form Drainage density 

Straight 


Slightly bending 
Bending 


1.49 


1.60 


1.93 


2.07 


Main channel 
Ramparts 


515000 


515000 


- 1 - 

520000 


510000 


510000 
_I_ 


Fig. 4 [ Hydrological characteristics of selected third Order basins in the wider surroundings of larcuri 
based on the topographic map-derived DEM. 


1.6 km'’km ^ and its main channel has a total length of 4.88 km. Nine trihutaries drain 
into the receiving channel (frequency: 1.84) and all of them are straight (Fig.|^. 

The comparison of the four neighhoring third order catchments reveals that the hasins 
I, 2 and 3 are rather similar with respect to hasin size (mean: 7.53, STD: 1.32) and length 
of the main channel (mean: 5.98, STD: 0.77), whereas hasin 4 is smaller and has a shorter 
main channel. In terms of the drainage density (mean: 1.77, STD: 0.27) the hasins i and 
4 are comparahle, while hasin 2 shows a higher and hasin 3 a lower drainage density. 
Focusing on the character of the trihutaries it turns out that in hasin i the numher and 
frequency of trihutaries that drain into the receiving channel is higher than in the other 
hasins (mean: 1.96, STD: 0.25). Comparing the Overall frequency of the straight, slightly 
hending and hending channel courses it hecomes evident that the straight running trih¬ 
utaries are fairly even distrihuted hetween the four hasins (hetween 23 and 28 %). The 
distrihution of the trihutaries with slightly hending and hending courses is, in contrast to 
that, rather unequally distrihuted: 50 % of the slightly hending trihutaries occur in hasin 
I while the other half is located in hasin 2 (33.33 %) and hasin 3 (16.67 %)■ Moreover, it 
turns out that all of the distinctly hending trihutaries are located in hasin i (Fig.|^. 

Since the high resolution digital elevation model hased on LiDAR data is exclusively 
availahle for the site of larcuri it is not possihle to work with it on a catchment scale. 
However, the data show that 18.75 % of the trihutaries that contrihute to the Carani and 
Lake valley within the huilt-up area of larcuri show direct connections to the construction 
of the ramparts. These trihutaries are located directly in front or rearwards of the ramparts. 
At the same positions defensive ditches had heen created, or material for the construction 
of the ramparts had heen extracted, respectively. Additionally, differences regarding the 
trihutaries within the huilt-up environment of larcuri exist as well. While the frequency 
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of tributaries is higher in the catchment of the Carani creek, the Lake valley shows more 
bending tributaries (Fig. [^. The course of the Carani creek within the site of larcuri has 
a length of 5.36 km and a total of 24 tributaries drain into it. The resulting frequency 
of tributaries per kilometer main channel totals 4.48. The evaluation of the flow path to 
distance-ratio shows that 22 (91.67%) ofthe tributaries have a straight course, one (4.17%) 
has a slightly bending and one (4.17 %) has a distinctly bending course (Fig.j^. The main 
channel of the Lake valley has a length of 6.35 km and 24 tributaries drain into it. The 
frequency of tributaries per kilometer of the receiving channel totals 3.78. With respect 
to their form the results from the Lake valley show that 19 (79.17 %) of the tributaries 
have a straight course, two (8.33 %) have a slightly bending and three (12.50 %) have a 
distinctly bending course (Fig.j^. 

Comparing the areas within the built-up environment of larcuri it turns out that 75 % of 
the tributaries with distinctly bending course and 66.67 % of those with slightly bending 
course occur in the Lake valley, which crosses the site of larcuri in the central position 
between the ramparts I and II (Fig.j^. 
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Fig. 5 I Flow path length to distance-ratio of the tributaries in the Carani and Lake valley. 
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3,2 Archaeology 

Archaeological investigation of the larcuri fortification took place in four different 
trenches: one trench each was dug in rampart I and II and in IV two trenches were 
dug. Ceramics or other finds are rather rare in the ramparts, thus dating is hased on 
samples. Based on this it gets evident that all four ramparts date into the Late Bronze Age. 
Though the ramparts I and II seem to he the oldest (c. 1500 to 1300 cal. BCE/3450 to 3250 
cal. BP) and rampart IV attends to he a bit younger (1300 to 1000 cal. BCE/3250 cal. BP 
to 2950 cal. BP).^^ Slight differences in construction can he detected, but whether this is 
suitable for a chronological difference remains unclear so far. 

The excavation of a gate in rampart IV shows a bridgehead, an element of fortification 
that had been up to this point earliest known from Roman times.^^ It is so far the only 
excavated Eate Bronze Age passage of the ramparts in larcuri; others have been surveyed 
by magnetic prospections^^ or by satellite images.^^ A total of ten gates have been verified 
until now (Eig.j^. 

In wide areas inside the ramparts I and II magnetic anomalies are measured, which 
in parts surely indicate houses and developed areas. By now it seems that the buildings 
inside rampart I are mostly located in the northeastern part (Eig. |^. Inside rampart II 
the magnetic prospection is still in process. However, preliminary results show that large 
areas must have been covered by houses and huts. In 2013 remains of at least four Eate 
Bronze Age houses inside rampart I were uncovered in an 800 m^ large trench, though 
their chronological relations are not clarified yet. In 2014 a circular v-shaped ditch with a 
diameter of approx. 25 m and at least one Copper Age house within was discovered. 

Since 2008 a total 1.17 km^ of systematic field walking and 1.56 km^ of magnetic 
prospections had been carried out. Until 2014 a surface of 0.84 km^ was surveyed by both 
methods so that the results can he combined. By that we suppose that most magnetic 
anomalies inside the ramparts I and II are likely from Eate Bronze Age, except some 
Middle Bronze Age and Copper Age structures. The number and kind of Eate Bronze 
Age finds collected from the surface give a first idea about the density of inhabitation 
and the usage of these areas. Inside rampart II nearly double the amount of finds (mostly 
sherds and daub) were recovered from an area of the same size as in rampart I. That likely 
indicates a denser occupation in ring II. Quern stones are even more common in ring II, 
which might indicate that grain processing was mostly carried out in this area (Eig.|^. 


4 Discussion 

The characterization of the four drainage basins in the vicinity of the archaeological 
site larcuri shows significant differences regarding their drainage densities and tributary 
frequencies as well as in terms of tributary geometry. As due to their spatial proximity 
within the identical geomorphic unit of the Vinga Plain the prevailing local climate is 
regarded to he uniform across the four catchments,^^ climatic and geomorphological 
conditions can he neglected to explain the observed differences. Solely, tectonic activity 
due to varying subsidence^® might also he a natural reason for the different catchment 
characteristics, but due to the proximity of the four basins this factor is also ignored. 
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Fig. 6 I Archaeological map indicating the locations of the verified gates and the settled areas between the 
Copper Age and Late Bronze Age. 


The geological Underground, consisting of Pleistocene gravel, sand and clay^^ that were 
covered with Pleistocene loess,^^ as well as the soils, mostly consisting of chernozemic 
Mollisols^^ can also he ruled out causing the ohserved differences hetween the catchments. 
Both, the parent material and the soils that have developed within, are rather uniform and 
are unrelated to the varying drainage densities as well as the geometric character of the 
trihutary channels. Consequently, past Settlement activities around larcuri are assumed as 
the driving force in the development of the channel network as documented for various 
archaeological sites and elsewhere.^"* The concentrated appearance of hending trihutaries, 
partially showing reaches with a reversed gradient, indicates that Settlement activities in 
larcuri fostered the development of channels, e. g. in the context of gully erosion along 
paths.^^ 

The two catchments that are directly influenced hy the ramparts show distinctly 
higher drainage densities than the two catchments heyond the huilt-up area. The higher 
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frequency of tributaries in basin i documents tbe intensive dissection of tbe valley flanks 
in tbis catcbment; at least also documenting gullying processes in an intensively used 
area.^^ Tbe location of tbe tributaries to be related to Former gullies linking between tbe 
receiving cbannels and tbe ramparts empbasizes tbat gullying took place along tbe patb 
system.^^ Also tbe course cbaracter of tbe tributaries documents tbeir origin by patb- 
oriented gully erosion: tbe bending tributaries concentrate on tbe basin surrounded by 
tbe ramparts.^^ 

Tbe analysis of tbe bigh resolution LiDAR DEM documents tbat almost 20 % of tbe 
tributaries inside tbe built-up environment of larcuri source at tbe ramparts. It is pointed 
out tbat tbe Carani and tbe Lake valley differ distinctly witb respect to tbeir tributaries’ 
frequencies and geometries. Two tbirds of tbe moderately bending and tbree quarters 
of tbe bending tributaries are located in tbe Lake valley drainage basin. Tbe bending 
tributaries concentrate in tbe central part of tbe Lake valley basin witbin rampart II. Tbe 
archaeological map reveals tbat tbe Late Bronze Age Settlements are concentrated in two 
areas witbin tbe ramparts I and II. By comparing tbe locations of tbe Late Bronze Age 
Settlements and tbe position of tbe soutbern gate in rampart I witb tbe location of tbe 
tbree neigbboring bending tributaries it appears tbat botb are related. 

Typical linear Features in landscapes are patbs, wbicb develop in consequence of 
tbe repeated passage of bumans and animals.^^ Due to compaction processes along tbe 
patbs tbey serve as drainage patbways during rainfall events, aller a wbile forming linear 
bollows, also named sunken lanes or bollow ways, wbicb were formed in association witb 
archaeological sites and contemporaneously witb tbe occupation period of tbe site."^° The 
compacted soll tends to reduced water Infiltration rates and accelerated surface runoff tbat 
leads to soil erosion"^^ and hence, tbe initiation and lowering of a bollow way. Wilkinson 
describes forms of bollow ways in Mesopotamia tbat are identical to those observed in 
tbe vicinity of tbe archaeological site of larcuri. He observed tbat bollow ways partially 
became a part of tbe main channel or of a minor tributary, but elsewhere tbey clearly 
run discordant to tbe natural drainage System, cross watersheds or had reaches witb a 
reversed gradient.'^^ Tsoar and Yekutieli present in tbeir study on ancient patbs in tbe loess 
landscape of tbe Northern Negev examples of path-oriented gullies tbat at some point 
bend and form a distinct right angle as it is tbe case for several tributaries in tbe built-up 
environment of larcuri. Tbey argue tbat tbe retrogressive erosion of path-oriented gullies 
captured minor tributaries or older bollow ways witb a completely different orientation."*^ 
The Formation of most of tbe bending and slightly bending tributaries tbat occur in tbe 
Settlement area of larcuri can be explained witb tbe capture of Former bollow ways by 
minor tributaries of tbe Carani and Lake valleys, especially in situations where tbe reaches 
of tbe tributaries flow in tbe reverse direction to tbe general surface gradient. The fact tbat 
certain tributaries can be associated witb tbe verifled gates or tbe Settlements witbin tbe 
Late Bronze Age fortiflcation suggests tbat tbey formed during tbe same period as bollow 
ways. 
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5 Conclusions 

The study shows that the fortification enclosures of larcuri influenced the development 
of the drainage System in its immediate environment. Moreover, the analyses reveal that 
the hending side channels occur clustered in the central part of the Lake valley and 
in association with the Late Bronze Age Settlements and certain verified gates in the 
ramparts. The association of the Late Bronze Age structures with the unnaturally hending 
channels suggests that the channels developed during the time period when the site was 
occupied. Path formation due to trampling hy moving humans and animals fostered the 
development of gullies and linear hollows. Whether the channel geometry could he used 
to localize additional gates in the fortification enclosures is an issue of future research. 
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Rethinking Human Nature: Bridging the ‘Gap’ 
through Landscape Analysis and Geographical 
Information Systems (GIS) 


This paper will discuss a pedagogical approach to integrating the humanities and the 
natural Sciences. Our approach calls for extended collaboration between the two fields 
and a capacity to integrate the experimental and deductive lines of reasoning within the 
natural Sciences with the holistic and critical perspectives of the humanities. This paper 
will describe and discuss how this notion is applied to the construction of a pedagog¬ 
ical framework or a learning environment constituted from landscape theory, GIS, and 
pedagogical principles derived from EBL and PL. The paper highlights how a landscape 
approach in combination with the interactive and dynamic properties of GIS can be used 
as an active learning environment Crossing the interfaces of the disciplines. 

Landscape; archaeology; landscape analysis; GIS; pedagogy; Uppsala University. 


I Introduction 

Landscape analysis, here referring to the overall activity of describing and interpreting 
landscapes drawing on information from the social Sciences, humanities, and natural 
Sciences, requires extended collaboration between different research subjects. Moreover, it 
requires the capacity to integrate the experimental and deductive lines of reasoning within 
the natural Sciences with the holistic and critical perspectives of the humanities and the 
social Sciences. Landscape research and teaching in the Department of Archaeology and 
Ancient History (AAH) at Uppsala University rests on the philosophy that landscape is 
both the medium and the outcome of a collaborative learning process, and that students 
and researchers alike are co-learners in that process. As will be argued here, the inte- 
grated research and pedagogy that landscape analysis provides bridges the conventional 
dichotomy between the humanities and the natural Sciences and allows researchers and 
students to test ideas and interpretations, as well as to build integrative projects. Geo¬ 
graphical Information Systems (GIS) are excellent tools in that learning process and can 
be a pedagogic tool in visualizing and testing ideas and building new research projects. 

This paper will describe and discuss a pedagogical framework or learning environ¬ 
ment constituted of landscape analysis, geographical information Systems (GIS) and ped¬ 
agogical principles derived from experience-based learning (EBL) and peer learning (PL). 
The paper highlights how a landscape approach, in combination with the interactive and 
dynamic properties of GIS, can be used as an active learning environment Crossing the 
interface of the humanities and the natural Sciences. The examples discussed in the paper 
are derived from the GIS pedagogy developed by the department and applied at both 
the basic and advanced levels.^ The objective of the approach is to facilitate students’ 
own learning and training in landscape archaeology, GIS, and project-based research. The 
landscape - here considered as the total sum of the social and natural dynamics of the 
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environment and as constituted by social, biological, and pbysical reladons - is a crucial 
component of tbe pedagogy. Tbe general idea is tbat tbe training in landscape analysis, 
arcbaeology, and GIS sbould bave a clear tbeoretical foundadon in tbe landscape: as tbe 
students learn and acquire tbe ability to work witb landscape interpretations and GIS, 
tbey simultaneously develop tools for analyzing and understanding landscapes. Hence, 
tbe landscape constitutes botb tbe medium and tbe outcome of tbe learning process. 

We will provide a sbort background below, tbrougb an introduction to landscape 
arcbaeology and GIS directly followed by a brief presentation of tbe department and tbe 
courses in landscape arcbaeology and GIS. Tbe individual courses are not included in 
a formal program block, but are linked tbrougb tbe pedagogy and tbe progression of 
skills acquired by tbe students. Landscape, EBL, and PL are tbe tbree largest conceptual 
components in tbe tbeoretical and pedagogical framing of tbe courses, as will be pre- 
sented in detail below. Next, tbe paper will present tbe procedure of a basic GIS course 
in arcbaeology, wbicb provides an Illustration of bow tbe tbeoretical and pedagogical 
frameworks are applied in tbe coursework. Finally we will conclude tbe paper by looking 
into tbe results of tbe teacbing pbilosopby by following tbe progression of tbe course 
work in landscape analysis and GIS from tbe basic to tbe advanced levels. At tbe advanced 
levels, tbe students become members of tbe researcb group Retbinking Human Nature 
(RHN), wbicb consists of researcbers, postgraduates, and instructors witb an interest in 
GIS and landscape researcb. Tbe RHN group aims to develop an integrated approacb to 
researcb, teacbing, and networking in GIS and landscape analysis, i. e., tbe overall activity 
of describing and interpreting landscapes wbile drawing on Information from tbe social 
Sciences, bumanities, and natural Sciences. Tbis gives tbe MA students engagement in a 
dedicated seminar series, practical work experience, and links to international researcb 
networks. Advanced students are also affiliated to tbe Mind & Nature researcb node, a 
larger interdisciplinary collaboration witbin tbe Faculty of Arts tbat studies tbe relations 
between bumans, nature, and landscapes. 


2 Background 

Tbe department consists of tbe disciplines of global arcbaeology, Nordic arcbaeology, 
classical arcbaeology and ancient bistory, egyptology, and osteology. A number of cross- 
cutting researcb tbemes in tbe department are related to landscape analysis, such as bistor- 
ical ecology, environmental bistory, urbanism and agro-urban landscapes, arcbaeobotany, 
osteology, contract arcbaeology, and Information retrieval and spatial analysis of complex 
landscapes. Because of tbe strong departmental interest in landscape analysis, GIS re- 
sources bave been built up since tbe 1980s, initially as part of two African researcb projects, 
Urban Origins and Human Responses and Contributions to Environmental Change in Africa? 
Tbe current pedagogy in GIS bas been built up since 1999. Today GIS-based landscape 
arcbaeology can be considered a sub-field tbat informs all of tbe departments’ landscape 
researcb and provides an integrative platform for joint researcb and teacbing between tbe 
disciplines. 

GIS is a computer-aided System for tbe collection, storage, retrieval, analysis, and 
presentation of spatial data.^ Gomputer-aided documentation and GIS bas increased re¬ 
searcbers’ capacity to collect, handle, and analyze large bodies of spatial data. Tbis, cou- 
pled witb tbe spatial nature of much of archaeological data - for example artefact distri- 
bution witbin a site location, tbe distribution of sites witbin a region or across specific 
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landforms - explains why GIS methods were quickly adopted by archaeologists."' Indeed, 
the full potential of archaeological spatial analysis and modelling is probably not feasible 
witbout tbe use of a GIS frame of reference, largely because tbe size and tbe applicability 
of tbe digital archaeological databases increases over time. Witb tbe current exponential 
growtb in tbe availability of archaeological Information through online resources, the 
archaeologists of today and tomorrow are faced witb a Situation approaching that of‘Big 
Data’ where huge quantities of information will be readily available. This will allow ar¬ 
chaeologists to investigate complex socio-environmental dynamics at a multitude of scales 
simultaneously and will open up new lines of archaeological research.^ It also requires 
archaeologists to work more closely witb experts in information technology, mathematics, 
and statistics. 

As elsewhere, there was an increased interest in landscape archaeology in AAH in 
the beginning of the 1990s. A number of landscape-oriented PhD theses were produced, 
and research projects were formulated witb spatial analysis as a specific sub-theme. The 
development of the current course structure and pedagogical framework started in 1999 
witb a pedagogical reformulation of the courses based on the notion that the very concept 
of landscape is not only a research field, but also a good pedagogic frame for teach- 
ing archaeology and allowing students to gain experience in the archaeological research 
process by practicing different interpretative approaches, tools, and analysis. Before the 
reformulation, our courses were technically oriented, as many GIS courses seem to be, 
and not directly attached to archaeological source materials or landscape archaeological 
theory. Students criticized this aspect in their course assessments,^ calling the courses too 
technical and too focused on the natural Sciences, with few connections to the archeo- 
logical research process. Hence, it seemed necessary to develop an integrated approach 
accommodating the full potential of landscape as a pedagogic frame and using the GIS 
tool as a way to build research projects and test archaeological questions. 

After the first revision and the testing of a more applied approach, integrating both 
method training, landscape theory, and project work, the course received more positive 
reviews in the Student assessments. Over time, our landscape archaeology and GIS courses 
have increased their focus on PL and team building. Landscape theory and spatial analysis 
have also become more integrated into all courses. Even at the basic undergraduate level, 
students are already being prepared to build and execute research projects, and undergrad¬ 
uate researchers in the department can begin to ‘plant’ and test research ideas through 
student-driven projects. The department has also started cross-disciplinary courses within 
the Faculty of Arts for graduate students based on the same principles, where course exer- 
cises have been built as small research projects by master’s level students from a number 
of different disciplines, and is collaborating with other individual departments in their 
GIS training. 


3 The theoretical frame 

The Overall conceptual frame is based on the notion that landscapes are constituted by 
relations between biological agents and processes and are shaped and reshaped from 
the experience, knowledge, and practice of individuals and social groups. Landscapes are 
spatial and temporal manifestations of these interactions between humans and their en- 
vironment; they provide a framework for a fruitful meeting between disciplines engaged 
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in integrated research/ This makes the landscape an efFective theoretical Framework For 
Facilitating a learning process, since the landscape allows For the integration oF data and 
inFormation From various areas and perspectives hy allowing the research question to 
hecome central in huilding analyses and choosing tools and perspectives. In our research 
and in the Curriculum Framework we use the concept oF‘landscape analysis’ to reFer to the 
general activity oF descrihing and interpreting landscapes drawing on inFormation From 
the social Sciences, humanities, and natural Sciences. 

Our teaching philosophy is consequent with our understanding oF landscape and to 
a large extent inspired hy constructivism and social interactionism.* Bateson’s notion oF 
deutero-learning,^ meaning ‘learning how to learn’ has also heen influential, not only in 
Formulating an active learner theory when it comes to the pedagogy, hut also in provid- 
ing the means For an interdisciplinary and hridging learning environment. Basically, we 
cherish a view where reality is not comprised oF Systems to he systematically described; 
rather, reality is a complex prohlem that requires a systemic approach. The theoretical 
Framework, together with the amhition to hridge the nature-culture dichotomy, asserts 
the importance oF creating a method For active learners who are acting within a dynamic 
collahorative learning milieu and in a prohlem- or experience-hased learning process. 
Learning and knowledge is perceived as constituted in the practice oF individual learn¬ 
ers through their interaction with other learners and their engagement with research 
prohlems. Active learning and learning hy experience is Fundamental in research. Our 
approach has garnered interest From researchers studying how institutional agendas are 
constructed and reproduced hy social interaction.^^ A numher oFmeta-analyses hased on 
students’ marks and assessments have shown that active, cooperative, and collahorative 
learning improves the ahility oF students to rememher, makes them more engaged in 
their learning process, and improves the development oF higher academic skills such as 
argumentation, analysis, and synthesis.'^ 

The vast majority oF puhlished evaluations oF collahorative learning have heen done 
in the natural Sciences, engineering, and mathematics fields, as well as in the social Sci¬ 
ences. In the humanities, there have heen Few similar meta-analyses oF teaching hased on 
active learning and collahorative learning. Active learning theories are well suited For the 
humanities, hut it is difficult to find examples oFthem in the literature. We have also noted 
that there is caution in the humanities ahout going heyond the conventional ‘discussion 
Seminar’ to implement active and collahorative learning. Instructors have too Few hours 
For teaching and are anxious to cover a topic or theme, i. e., to reach the learning outcomes, 
as efFectively as possihle. However, it is our experience that collahorative learning and EBL 
do allow students not only to ‘learn how to learn’ hut also to huild an understanding oF 
the archaeological practice and the nature oF research. Our learning environment allows 
them to attain higher academic skills in collecting, analysing, interpreting, and theorising 
the archaeological materials more hroadly, as well as in gaining a hetter understanding oF 
their own role in Facilitating a learning process. This, we find, allows students to he hetter 
prepared and confident For hoth proFessional and academic liFe, an experience that is 
transFerahle to other disciplines in humanities hesides archaeology (see similar discussion 
in Gordon 2004 hased on media studies). 
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In our case, knowledge of the landscape is based on and constantly modified by tbe 
students’ own interpretations, facilitated by tbeir project-based case studies and tbe in- 
structors tbat act as Supervisors and also co-learners. Tbe landscape increases understand- 
ing of scales, analogues, and source criticism; underlines tbe importance of perspectives 
and tbeoretical frames in building researcb questions; and enbances tbe tbeorization of 
tbe selection of data and data types and tbeir subsequent interpretation. Hence, as stated 
in tbe introduction to tbis paper, the landscape becomes both the medium and the out- 
come of a systemic learning process. Tbis learning process follows a number of Steps, and 
we use principles derived from EBL theory, Problem-Based-Learning (PBL), and PL to 
extend our landscape and learning theory into the coursework. 

EBL draws heavily on Experiential Learning Cycle theory,which suggests tbat adult 
learning consists of four successive stages. The first three, Concrete Experience, Reflection, 
zndAbstract Conceptualization, consist of having, reviewing, and describing an experience, 
for example by applying known theories to the phenomena. The final stage, defined as 
Active Experimentation, enables students to construct ways of modifying tbeir knowledge. 
Tbis experimentation, in turn, leads to a new Concrete Experience, etc.'"^ The whole GIS 
course is presented in the initial seminar as constituting one full loop, but there may 
also be several smaller loops, for example certain tasks carried out within the course or 
as part of the projects. for the teaching and tutoring activities, the conceptualization of 
the loop bas been an important element in creating a shared language and facilitating the 
students round the loop by encouraging reflection, conceptualization, and new ways of 
experimenting with GIS tools and landscape concepts. 

PBL, an extension of EBL, assumes tbat humans are motivated to solve problems. As 
such, the problem-solver will seek and learn whatever knowledge is needed for successful 
problem-solving.'^ Judging from our experiences with the coursework, PBL seems to 
be more successful when the problem is ‘owned’ by the problem-solver(s): the original 
problem should be defined by the students to the greatest extern possible, which some 
might call a radical form of PBL.'^ The instructor’s role is mainly to ensure tbat the 
deflnition of the problem will require students to acquire as much as possible of the 
knowledge, skills, and attitudes articulated as the aim of the course. It bas to be said tbat 
tbis form of PBL necessitates a high tolerance for uncertain outcomes. 

PL, if facilitated well, can contribute to an even more active role for students. Tbis 
in turn helps to create an enriched learning environment. One way to facilitate tbis is to 
openly discuss group dynamics and invite the students to reflect upon the issue. The result 
of tbis tends to be tbat the students deflne tbeir own role more clearly as facilitators of a 
learning process, in addition to tbeir role as experience-seekers and problem-solvers. 

We consider GIS to be one of the most important tools in our pedagogical toolbox, 
especially when facilitating an active learning environment. Relatively early in the course, 
the students are able to interact with and integrate various landscape data set qualities 
and experiment with questions and theories. The Student group’s ‘home-base Computer’ 
in the laboratory becomes a node or platform for the experiential learning loops and 
PBL. The students are able to gain direct experiences and to visualize the eflects of tbeir 
conceptualizations. The visual representations of these, in turn, constitute an important 
tool for reflection and further experimentation. They also become a good medium for 
enhancing intra-group discussions and the tutoring activities. Several people working 
around one or two Computers requires good communicative skills and gives students a 
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concrete impression of the importance of beneficial group dynamics, which stimulates 
PL and peer Instruction. 


4 Landscape archaeology in GIS analyses 
4.1 Landscape as a through line in the curriculum 

The courses currently provided by the department are presented in Fig. The AAH 
curriculum has recently been modified by the introduction of a bachelor’s program, 
where students first take a general introduction year and then choose a subject in which 
to specialize. Those who choose archaeology go on to the first subject year in archaeology, 
which can also be taken by non-program students and as individual courses. In the first 
program year, as well as in the course of the first subject year, landscape archaeology and 
spatial analysis are integrated into all the courses as one-time lectures. In the second term, 
students in their first subject year take a course in GIS and archaeology, as well as a course 
in landscape archaeology. The idea is for these courses to complement each other in a 
pedagogic progression. The courses are discussed in more detail in this paper. The Basic 
level of undergraduate study concludes with the Submission of a BA thesis; Supervisors 
are available to support students who choose a subject related to landscape analysis and/or 
GIS. Since the courses at the undergraduate level can be taken as individual courses and 
are not linked through an established program, it has been necessary to define three levels 
of progression through undergraduate training. We teach the basics of archaeological 
theory and method in the first introductory program year and the subject year courses by 
introducing landscape archaeology and spatial analysis. The Basic courses in GIS and land¬ 
scape archaeology are meant to boost the students’ interest in landscape studies and GIS, 
enhance their understanding of theory and capacity for Building archaeological research 
questions and interpreting archaeological data, and develop their general knowledge and 
skills in landscape theory, analysis, and GIS. The BA thesis is intended to identify students 
with an interest in landscape and GIS and prepare them for advanced-level studies. At 
the advanced (graduate) level, we aim to facilitate the students’ specialization through 
Supervision and integration into the RHN and Mind & Nature groups described above. 
The students select their thesis subject early and work on their MA dissertation for almost 
two years. 

The advanced-level courses related to landscape archaeology are: Landscape Archae¬ 
ology, GIS for the Humanities, Historical Ecology, and Cultural Heritage Management. 
We also offer the possibility of practical training courses in other forms of landscape 
analysis, such as archaeobotany, Vegetation history, and other methods from the natural 
Sciences, as well as practice-based internships in contract archaeology organizations. We 
consider the ten-week course in landscape archaeology to be the ‘flagship course’ of our 
course structure. This course is highly research-oriented and offers in-depth insights into 
current landscape research, as well as training in advanced GIS and statistics. A fleld-based 
GIS course is currently under development; in this course we will aim to address data 
Collection, prospection techniques, and GIS in the fleld more thoroughly than as currently 
taught in the conventional fleld course. 


4.2 Landscape archaeology: Course procedures 

Though we will focus primarily on the GIS course in this section, we will also briefly intro- 
duce the landscape archaeology course that was originally given in the second term of the 
first subject year in archaeology. The course had an individual written exam in which stu¬ 
dents were tasked with interpreting an archaeological site from a certain perspective, e. g.. 
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Fig. I I The course structure of the GIS training in the Department of Archaeology and Ancient History at 
Uppsala University, and the relationship to the research group Rethinking Human Nature. 


phenomenology, gender, historical ecology, etc. Course literature on different approaches 
in landscape archaeology and lectures from instructors in the department provided inspi- 
ration for the students’ individual interpretations, which were to he written in essay form. 
Earlier in the course, students were assigned a particular site and the landscape around 
it. They worked together in groups of four to five students to research the site, assigning 
roles and tasks in the group and sometimes designating different people to specialize 
in different aspects of the field site (the hurial area, or dwelling area, or environmental 
data or age divisions of the site) or to cover different literature (e.g., field reports or 
scientific puhlications). This research was reported hack to the group as summaries that 
could he used hy the other students in the group. Each group then discussed possihle 
interpretations and approaches on the hasis of the availahle material and the character of 
the landscape and site. This allowed students to more directly contextualize theoretical 
approaches in a place/landscape and gave them the opportunity to critically assess the 
archaeological material and the possihilities of Interpretation. The Student groups pre- 
sented their different approaches to each other hefore the Submission of the individual 
assignments, and as a final course event, students assessed each other’s work through 
formal review Interviews. Because this course ran just hefore the GIS course, it sometimes 
also allowed students to raise questions that could he explored further in the GIS course. 


4,3 GIS and landscape analysis: Course procedures 

The courses in GIS and landscape analysis, no matter their discipline or level, are divided 
into two hlocks (Eig. [^. A general rule is that the hasic levels are more group-oriented; 
the advanced level is more individualized and contains more technical training. Below 
we will use the hasic course in the second term of the first suhject year in archaeology as 
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Fig. 2 I Course procedure for a course in GIS and landscape analysis. 


an example of the course procedure. The purpose of the first block is for students to gain 
theoretical understanding and technical skills. The objective of the second block is to let 
the students apply their theoretical understanding and practical skills to a project. 

The first two-week block consists of technical training and a series of key lectures. 
The first introductory lecture introduces the learning outcomes, experiential learning 
theory, the PL concept, and the general course outline. The second lecture introduces GIS 
technology and provides an overview of the technical training and GIS exercises. These 
exercises incorporate the basic functions of GIS: data Compilation, queries, analysis, and 
presentation. One key lecture addresses the conceptual framework of landscape analysis, 
repeating aspects of the previous landscape courses as well as highlighting links between 
landscape theory and GIS. Two lectures are dedicated to projections and coordinate Sys¬ 
tems and to various archaeological and geographical information Systems or data sets for 
landscape analysis, e. g., stray finds, soils, historical maps, and archaeological databases. 

In parallel to the key lectures and the GIS training, the students carry out a minor case 
study, which is a study of Contemporary city life based on structuration theory and theories 
of the social production of space.^^ The students are given a paper map over a square in the 
city with a coordinate System. In addition, they are given a short manual that describes a re¬ 
search process and quantitative and qualitative research methods in general terms, as well 
as how to establish spatial control, how to transcribe spatial information to a database, 
and other necessary background. The students then carry out a pilot study, which helps 
them to dehne the research problem, develop methods, and plan their heldwork. The 
second day is dedicated to heldwork in the city. Since the students have gained basic skills 
in the GIS Software from their technical training, they are able to undertake some basic 
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operations such as adding a map layer, linking a database, querying the database, and 
creating a new layer based on a selection. The result of this introductory study is basically 
a GIS of current city life, and the students present their results in open space presentations 
on the final day. The project gives students an introductory understanding, in a playful 
way, of how to undertake a research project. One benefit of the city project is that it will 
serve as a blueprint for an authentic research process and the extended three-week project 
carried out in the second block. 

The second block of the course is based on a three-week authentic archaeological 
landscape research project. The core lecture, “Project Work” introduces the project by dis- 
cussing research design and group dynamics, and presents some basic strategies for main- 
taining a sustainable project work environment. The students work together in groups of 
three to six members. The group members all work on the same case, as would he the case 
in working on a Professional archaeological project, for example in a contract archaeology 
setting. Even so, and similarly to the preceding landscape course, the projects requires that 
individual group members carry out their own tasks within the frame of the project, e. g., 
literature reviews, archival research, visits to archaeological collections, digitization work, 
etc. The students independently define areas of research, formulate research questions, 
and select the kinds of data and the most appropriate ways of collecting the data. This gives 
the students practice in evaluating the relevance of different archaeological and geograph- 
ical data in relation to a research problem. In order for them to practice accommodating 
and integrating information from various sources, it is important that they are able to 
define and conceptualize a coherent theoretical framework. The Student projects, which 
are always based on authentic archaeological materials, either existing or digitized by the 
students, provide the frameworks within the curriculum; all other learning within the 
block is related to these projects. 

The finale of the course is a landscape Conference (with ‘registration’ name tags, and 
timed paper presentations), in which the students present their projects to departmental 
Staff and in poster sessions. The MA-level students are also encouraged to attend and 
present at academic Conferences and to build personal academic networks. 


5 Landscape as a frame of collaborative learning 

The landscape and GIS Instruction is closely related to ongoing research projects and also 
incorporates existing and new archaeological results from contract archaeology. Many 
Student projects in archaeology have focused on the ongoing research project of Gamla 
Uppsala (Old Uppsala). The Integration of learning and research is further developed 
at the BA and MA levels, when students who opt for landscape analysis are integrated 
into a broader research network, such as the RHN and Mind &c Nature groups. Our 
ambition is to establish a collaborative learning environment incorporating both students 
and instructors and based on the sense that we are all co-learners, albeit with differences 
in experience. 


6 Conclusion 

In this paper we have described a learning environment constituted from landscape the- 
ory, geographical information Systems (GIS) and pedagogical principles derived from 
experience-based learning (EBL) and peer learning (PE). We have discussed how a land¬ 
scape approach, in combination with the Interactive and dynamic properties of GIS, can 
he used as an active learning environment Crossing the Interface of the humanities and the 
natural Sciences. The examples discussed in the paper are derived from a GIS pedagogy, 
applied at both the basic and advanced levels, which aims to facilitate students’ own 
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learning and training in landscape archaeology, GIS, and project-based research. The main 
idea of the pedagogy is that the training in landscape archaeology and GIS should have 
a clear theoretical Foundation in the landscape. We conceptualize ‘landscape’ as the total 
sum of the social and natural dynamics of the environment and as constituted by social, 
biological, and physical relations. Through landscape and GIS, the students acquire the 
ability to work as active learners. With landscape interpretations, they simultaneously 
develop tools for analyzing and understanding landscapes. GIS is an excellent tool in that 
learning process, since it is a dynamic and integrative pedagogic tool with the capacity to 
visualize and test ideas, as well as to build new research projects. We have highlighted that 
landscape research and teaching is a collaborative learning process, and that students and 
researchers alike are co-learners in that process. 

Landscape analysis requires extended collaboration between different research sub- 
jects and the capacity to integrate the experimental and deductive lines of reasoning 
within the natural Sciences with the holistic and critical perspectives of the humanities 
and social Sciences. We believe that the integrated research and pedagogy that landscape 
analysis provides bridges the conventional dichotomy between the humanities and the 
natural Sciences and allows researchers and students to test ideas and interpretations as 
they build integrative projects. The landscape constitutes both the medium and the out- 
come of learning processes, and we consider it a crucial platform for research and teaching 
in the interface between nature and culture. 
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Iron, Humans and Landscape - Insights from a 
Micro-Region in the Widawa Catchment Area, 
Silesia 

The Widawa catchment area is located in Northeastern Silesia, Poland, and belonged to 
the southwestern distribution area of the Przeworsk culture from the younger pre-Roman 
period until the younger Roman period. It is estimated that iron smelting was introduced 
to this area with the emergence of the Przeworsk culture, circa the znd Century BCE. 
Certain cultural and environmental requirements must have been met in Order for this 
technology to spread to this area. Within the framework of interdisciplinary research, the 
archaeological context of an archaeological site as well as the natural archives were inves- 
tigated to explore the preconditions and to describe the beginning of early iron smelting 
in this region. 

Bog iron ore; early iron smelting; formation; human-environmental interactions; land- 
scape archaeology; pre-Roman Iron Age; Przeworsk culture. 


I Introduction 

The implementation of interdisciplinary research hetween the Sciences and the human- 
ities in the context of a landscape archaeological project results in challenges for the 
researchers involved as well in mutual henefits. Comhining the methodological and scien¬ 
tific strengths of prehistoric archaeology and physical geography is the key to the success 
of the implementation or adaptation of an approach integrating those disciplines. But the 
exciting question is how to huild a hridge that can enahle an active exchange and fruitfui 
collahoration and how to keep it stähle. 

Our interdisciplinary approach examines the spread of iron smelting technologies, 
which Started in the territory of the advanced civilization of the Hittite in the znd mil- 
lennium BCE and arrived in the cultures of the northern Central European lowlands hy 
at least the 5th Century BCE.' The main evidence testifying to the rise of this new epoch 
in the Near East consists of written sources preserved on cuneiform clay tahles, while 
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iron objects dating to this period are rare.^ Early evidence for iron smelting in Central 
Europe bas been documented for tbe Ea Tene culture in tbe region of tbe Black Eorest 
(5tb Century BCE). Arcbaeological evidence of smelting slag deposits and furnaces from 
Brandenburg (Germany)^ and Central Jütland (Denmark)"* also date to tbis period. Tbus 
tbe iron smelting tecbnology was distributed witbin tbe region nortb of tbe Alps during 
tbe early Ea Tene period, from tbe 5tb Century BCE onwards. Compiling a spatial database 
on tbe “spread of iron smelting in Europe is currently quite difficult, as tbe state of researcb 
varies greatly from region to region”^ It is widely accepted, bowever, tbat tbe introduction 
of iron is related to complex processes involving socio-economic and cultural aspects as 
well as tbe natural environment. Eor instance, witbin a sbort time of tbe discovery of tbis 
new metal, wbicb is attributed to experienced copper smelters,^ iron bad become a very 
precious good, and its ownersbip was restricted to tbe religious or political elite of tbe 
Hittite culture.^ Eurtbermore, tbe exploitation of natural resources, above all iron ores 
and wood for cbarcoal production, could trigger cbanges in tbe natural System.® Eater 
on, tbe availability of iron tools (sickles, etc.) allows tbe development of new land use 
strategies, wbicb also bave tbe potential to affect tbe landscape budget.^ In summary tbe 
topic of iron as a new raw material comprises a multi-faceted researcb field, one tbat is 
predestined for interdisciplinary researcb. 

Eollowing up on investigations of Przeworsk settlement sites in tbe soutbern forelands 
of tbe Harz Mountains (Eig.[^),'^ tbis paper presents an interdisciplinary approacb ap¬ 
plied in a case study region in Silesia, soutbwestern Poland. According to tbe Arcbaeolog¬ 
ical Record of Poland (AZP),^^ numerous prebistoric iron slag sites bave been detected 
in tbe floodplains of tbe Oder River and its tributaries, wbicb were inbabited by tbe 
Przeworsk culture during tbe Early Iron Age. A distinct duster of such sites lies to tbe 
nortb of tbe modern town of Namyslöw in tbe catcbment area of tbe Widawa River 
(Fig .[^). Tbree neigbboring arcbaeological sites at Pielgrzymowice, situated lo km west 
of Namyslöw, were cbosen as a microregion in consultation witb Artur Blazejewski from 
tbe Arcbaeological Institute of tbe University of Wroclaw and Pawel Madera from tbe 
Wroclaw Museum of Arcbaeology (Eig.j^).^^ 

By providing tbe results from arcbaeological surveys, sedimentological data and an 
analysis of tbe resource potential of tbe binterland of tbese sites, tbis paper aims to present 
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one of the research group’s case study sites and in that context to show how an interdisci- 
plinary approach can be used to investigate early iron smelting. 
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2 Cultural and technical setting 

2.1 A Brief history of the Przeworsk culture and iron smelting in 
Silesia 

The Przeworsk culture (c. late 3rd Century BCE to 5th Century CE) is a European Iron 
Age culture that gets its name from an early Roman period cemetery in south-eastern 
Poland. The transformation from the older Pomeranian culture to the Przeworsk culture 
in the znd Century BCE took place in Silesia during a period of strong cultural and 
economic expansion of the Ea Tene culture (the Celts). There were Ea Tene culture Settle¬ 
ments in Upper and Eower Silesia as well as Eesser Poland, in the area around Kraköwd^ 
In the younger pre-Roman period, people of the Przeworsk culture settled in Central 
and Eower Silesia as well as parts of Upper Silesia, Greater Poland, Kuyavia, Mazovia, 
Podlachia, Polesia and Eesser Poland.The people of the Przeworsk culture lived in small 
Settlements featuring predominantly pit houses and in proximity to small streams and 
rivers. Evidence of the spatial Separation of dwellings and workshops has heen detected 
in some of the Settlement areas.'^ 

Even in its early period, the Przeworsk culture has heen associated with a wide Spec¬ 
trum of iron artefacts, such as iron weapons, fihulae, tools and small items in Ea Tene style, 
which were mostly imitations or Imports. Their appearance marks the first occurrence 
of iron smelting in the area of present day Poland. This is interpreted as the result of a 
technology transfer from the Ea Tene culture. Characteristic for the Przeworsk culture 
is also the introduced weapon hurial rite in the cremation pit graves.'^ Influences from 
and on the Jastorf culture can also he detected^®: several groups of the Przeworsk culture 
migrated westwards during the younger pre-Roman period to regions that were inhahited 
hy groups of the Ea Tene culture or were associated with the so called “contact zone”^^ 
hetween the Jastorf culture and the Ea Tene culture.^^ 

During the Roman period, the largest known iron smelting centers of Barbaricum 
developed within the Settlement area of the Przeworsk culture. Mazovia, in mid north- 
eastern Poland was the first of these two large-scale production regions.^^ The second, 
slightly younger center, with a much hig^r production outcome on a larger scale, devel¬ 
oped in the Holy Cross Mountains (Pig.fm).^"^ 

2.2 Technical Steps and natural resources for early iron smelting 

The production of malleahle iron through iron smelting required the application of com- 
plex knowledge relating to different technical Steps. These include the construction of the 
furnace, production of charcoal as fuel, the selection, mining, cleaning, preprocessing, 
e.g. roasting, of iron ore and the manufacture of hellows and tuyeres to stimulate com- 
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bustion.^^ The right mixture of charcoal and iron ore, a reducing atmosphere and temper- 
atures of at least 1150 °C are Basic preconditions in the furnace for a successful smelting 
process.^^ Several natural resources were therefore needed for early iron smelting: clay for 
the construction of bloomery furnaces, wood for charcoal supplies, water for use in pre- 
processing ores and post-processing of the bloom and, above all, iron ores, preferably with 
high iron contents.^^ Clay for the construction of bloomery furnaces^® was ubiquitously 
available in most areas of Central Europe in the form of (reworked) loess loam, fluvial 
loam or glacial loam deposits.^^ For greater stability of the constructed furnace, wheat 
chaff was added to temper the clay.^° In addition, certain quantities of wood were needed 
for the charcoal used in the iron smelting process. According to Pleiner, a field experiment 
with a bloomery furnace determined that ratio, by weight, of charcoal to crude iron 
produced is Since the quantities of wood required were considerably greater than 

the required quantities of iron ore, one would expect bloomery sites would offen he 
located in more densely forested areas, which corresponds with the Situation described 
by Küster for Central Europe during this period.^^ For the small-scale attempts during 
the beginnings of iron smelting, large amounts of charcoal were probably not needed, 
and local forested areas would have been more than sufficient.^^ Due to the high firing 
temperatures of beeches^"* and the pine oil contents of pines, these tree species were 
preferred for use in iron smelting.^^ 

In prehistory, early metallurgists exploited and processed predominantly ores contain- 
ing no less than 55-60 mass% of iron.^^ Thus, early iron smelting entailed demands on 
the quality of the ore used, as well as its quantity. Since the occurrence of iron gangue 
minerals in Central Europe is limited to rock formations in the high and low mountain 
ranges, like the Alps, the Harz, the Holy Cross Mountains, the Ore Mountains and the 
Sudetes (Fig.[^), and since exploitation of those minerals requires specific technologies, 
the utilisation of bog iron ore, as a resource for the iron production, was very widely 
spread.^^ Bog iron ores are iron-rich, hardened, compact, terrestrial accumulations in the 
form of concretions or layers formed gradually in hydromorphic, structureless, mostly 
fine and medium sandy, but also silty fluvial soils.^* The iron was first mobilized from 
deeper horizons or upper catchment areas in Pleistocene landscapes (offen glacial tili 
plateaus) under reduced conditions by slightly acidified capillary water or rainwater.^^ 
The iron was then transported with the groundwater flux in the form of dissolved Fe^'*' 
ions."^° Under oxic conditions iron precipitated in the zone of groundwater oscillation.'*^ 
Under stable ferrous groundwater fluxes with a significant amount of dissolved Fe^"'“ in 
the groundwater, iron-rich bog iron ore formations were able to develop within centuries 
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or millennia."'^ Considerable manganese and phosphorus content are also characteristic 
for bog iron ores. Tbe presence of manganese favors tbe slag Formation in case of lower 
iron Contents,'*^ wbereas pbospborus results in an embrittlement of tbe bloom/"* Grain 
size, topograpby and geocbemical conditions in tbe subsurface, such as oxic conditions 
or tbe occurrence of metal reducing bacteria, also play an important role in tbe Formation 
of bog iron ores."*^ Tbe areas favorable for tbe distribution of bog iron ore formations are 
tbe sandy margins of bogs in flat glaciofluvially shaped river valleys and lowlands with a 
shallow groundwater tableT^ 


3 Study area 

The study area is situated in tbe catchment area of tbe Widawa River, a tributary of tbe 
Oder River in tbe southeastern part of Lower Silesia (Fig. [^). To tbe north tbe study 
area is bound by tbe Trzebnica Ridge (Wal Trzebnicki), which represents tbe terminal 
moraine of tbe Warthe stadial of tbe Saalian glacial period (Fig. The Oder glacial 

valley forms tbe Southern boundary. The source of tbe Widawa is a spring in tbe north of 
tbe catchment area dose to tbe Trzebnica Ridge. From there tbe river runs in Southern 
direction until it turns to tbe west at tbe town of Namyslöw (Fig. [^). The courses of 
tbe Widawa and its tributaries were canalized and redirected during tbe i9th and zoth 
centuries as part of melioration measures."^^ In zooi tbe Michalice reservoir was dammed, 
leading to an impoundment of tbe Widawa course north of Namyslöw (Fig.j^)."^^ 

Two adjacent archaeological sites, Pielgrzymowice 5 and 6, which date to tbe younger 
pre-Roman period according to tbe AZP, are situated to tbe south of tbe village Pielgrzy¬ 
mowice. The archaeological record for these sites includes iron slag flnds. Additionally, 
tbe adjacent site Pielgrzymowice 4 (with no slag flnds according to tbe AZP) was also 
included into our study (Fig.[^). 


3.1 Geology and pedology 

Geologically tbe study area belongs to tbe Old Drift landscape of tbe Saalian glacial period 
and is covered by Quaternary deposits reaching a thickness of up to 90 m.^° Glacial tili 
deposits of tbe Elsterian glaciation, which are located at several sites along tbe Widawa 
floodplain in tbe north, east and south of tbe study area, represent tbe oldest surface de¬ 
posits in tbe study area and reach a thickness of up to 30 m in tbe subsurface of tbe plateaus 
in tbe northwest of tbe study area (Fig.|^.^^ The orientation of tbe sand and gravel eskers 
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indicates that the last ice advance during the Drenthe stadial came from the northwest. 
Along with glacial tili and eskers, built-up loam, sands and gravels (of fissure infillings) 
and loamy and sandy kames were also deposited during this period. Since the ice retreat 
at the end of the Drenthe stadial the study area has stayed free of active glaciations.^^ 
Preliminary to the beginning of the subsequent Seyda interstadial,^^ the meltwaters of 
the Drenthe stadial induced an incision into the Saalian glacial tili, and the Widawa valley 
began to develop, first flowing southwards from and then eastwards along the ice marginal 
Position of the Warthe stadial.^"^ Subsequently, being located in the periglacial zone of 
the Saalian Warthe stadial, the Widawa River aggraded glaciofluvial sands and gravels 
along the Widawa floodplain. The Eemian interglacial and Weichselian glaciation which 
followed were again characterized by at least one phase of incision followed by several 
accumulation phases of built-up loam, flood terraces and aeolian deposits.^^ Especially 
the lateral valleys of the Widawa are characterized by deluvial sands, loams and clays.^^ 
Also during the Elolocene, the Widawa floodplain is characterized by at least one incision 
and several accumulation phases depositing fluvial sands and gravels and sandy silts in 
the west of Namyslöw and peats and peaty silts in the north of Namyslöw (Eig. 
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Pedologically the study area is characterized by rieh chernozems on the Western plateaus 
and acidic cambisols on the eastern plateaus, podzoluvisols on the slopes and alluvial soils 
along the floodplain/^ 


3.2 Climate and Vegetation 

According to Koppen, today the Silesian climate is classified as a humid Continental Dfb 
climate (Fig. Due to the maritime and Continental influences^® with rather warm 
Summers and cold winters the climate can be described as a Continental transitional 
climate^^ with weak oceanic impacts/^ Therefore the potential natural Vegetation of the 
study area is comprised of a mixed-forest-vegetation with ashes, alders and elms in the 
valleys and oaks and hornbeams on the plateaus.^^ The present-day Vegetation of the study 
area is strongly dominated by extensive agricultural land-use in the form of tillage farming 
and grassland cultivation. Wider forested areas occur in the south and north of the study 
area. ^ 



Information on local climate and Vegetation during the Holocene is scarce: from what is 
known from studies conducted by Pawlowski et al. and by Starkei concerning adjacent 
areas, 100 km northeast and 200 km southeast of the study area, environmental conditions 
correspond to the Blytt-Sernander scheme:^^ with (i) a rapid and continuous temperature 
increase accompanied by a decreasing discharge activity^^ and changing Vegetation from 
an initial boreal Vegetation to mixed forests in the Preboreal ( 11 . 2 - 10.7 ka BP),^^ (ii) 
an increased humidity during the Boreal ( 10 . 0 - 9.2 ka BP),^^ (iii) the Atlantic period 
( 8 . 6 - 5.8 ka BP)^^ with wetter and warmer climatic conditions and higher fluvial activity 
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with higher water levels/® (iv) the Suhhoreal period (5.0-3.5 ka BP)^^ with slightly cooler 
temperatures^^ and dryer conditions in the mid-Suhhoreal (3.5-2.9 ka BP)^^ and (v) the 
Suhatlantic period (2.2-1.7 ka BP)/"* characterized by another temperature decrease.^^ 
Before Settlement activity increased during medieval times, the Vegetation in Lower 
Silesia was characterized by extensive woodlands.^^ Contemporaneously, the Widawa 
floodplain consisted of flood-prone wetlands and swamps.^^ As palynological data is only 
available for the interstadial periods of the Weichselian glacial period/^ more detailed 
knowledge on the Vegetation history is a desideratum. 


4 Material and methods 

Prehistorical sites dating to the younger pre-Roman period, identified on the basis of 
the AZP, were catalogued, and archaeological finds held by the Department of Cultural 
Heritage in Opole were re-examined. Micro-scale archaeological surveys were conducted 
on selected settlement sites of the Przeworsk culture at Rychnöw, Kowalowice and Piel- 
grzymowice (Fig. [^). Based on the survey results, the site of Pielgrzymowice, including 
the sub-sites Pielgrzymowice 4-6 (Fig. Ep) , was chosen for further investigations: 

Geomagnetic measurements^^ represented the basis for the selection of locations of 
five small-scale excavation trenches at Pielgrzymowice 5 (Fig.[^). A mobile array was used 
for the on-site measurements with ten Foerster FEREX CON650 gradiometer probes and 
a vertical sensor spacing of 0.65 m. The magnetometers used measure variations of the 
magnetic field with an accuracy of o. i nanotesla. Data registration was performed using 
the lo-channel digitizer EEA Dz, which was coupled with a GPS receiver. In order to ex- 
amine two geomagnetic anomalies in the subsurface south of Pielgrzymowice 5 (Pig.[^), 
two percussion drillings, Pip5-i and Pip5-2, were also conducted and macroscopically 
described, applying the Standards of the German Pedological Mapping Guide (KA5).*° 
Eive charcoal samples were dated at the Poznan Radiocarbon Eaboratory. The ages are 
calibrated with Galib Rev 7.0.1., applying the calibration curve IntCali3.^^ Additionally, 
19 Pürckhauer drillings were conducted at Pielgrzymowice 5 (Pig.[^) in order to locate 
in-situ bog iron ore deposits. Eurthermore, percussion drillings and Pürckhauer sondages 
were conducted throughout the study area to locate bog iron ore deposits. 

The natural resource potential is descriptively assessed by discussing the natural condi¬ 
tions of the study area and the natural resources needed for iron production. Additionally, 
in Order to evaluate an order of magnitude on variations in the present-day formation 
conditions of bog iron ores and to derive an idea of its spatial variability, water samples 
were taken from the Widawa River and its groundwater-fed receiving streams, and iron 
and manganese contents were determined for these samples. Geochemical data on the 
iron and manganese contents of the groundwater itself is not available for the study 
area. These watersamples, collected during the field campaigns in 2013 and 2014, were 
deposited in closed specimen Containers at different locations of the study area and 
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cooled. Subsequently, the iron and manganese contents were determined through ICP- 
OES analysis using an ICP-OES Spectrometer Optima 2100 DV from Perkin Eimer. The 
results were statistically correlated. 


5 Results 

5.1 Field survey and percussion drillings 

At the archaeological sites Pielgrzymowice 4 (size: 2 ha) and 5 (size: 5 ha), approximately 
0.75 kg (0.38 kg/ha) and 26 kg (5.25 kg/ha) of iron smelting slag deposits were found 
scattered at the surface during the survey. Additionally two small pieces of bog iron ore 
were collected at Pielgrzymowice 5, while it was not possible to detect in-situ bog iron 
ore deposits. At Pielgrzymowice 6 no slag was found (Pig.|^). 
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Fig. 4 j A: Prehistoric AZP sites with and without iron slag finds; B: Study sites with and without bog iron 
ore finds; C: Iron contents in water samples of rivers and receiving waters in 2013; D: Iron contents in water 
samples of rivers and receiving waters in 2014. - Sources: A and B: Digital elevation model and hillshade: 


CODGiK 2013 rivers and water surfaces; TK25, map sheets 4871 (1899), 4971 (1912) and 4972 (1938) and 
TK50, map sheet 453.4 (1992); prehistoric sites:|AZi^ since 1978. C and D: Digital elevation model and 


CODGiK 2013 rivers and water surfaces: TK25, map sheets 4871 (1899), 4971 (1912) and 4972 


hillshade: 

(1938) and TK50, map sheet 453.4 (1992); water samples classed: Jenks-Caspall-algorithm. 


The geomagnetic survey at all three sites revealed several anomalies, most of them at 
Pielgrzymowice 5 (Eig. [^). The percussion drillings PiE5-i and PiE5-2 were conducted 
at two of these anomalies in the Southern part of Pielgrzymowice 5. Drilling Pip5-i is 
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situated on a slope dose to a small tributary of the Widawa River, while drilling PiF5-2 
was conducted doser to the floor of the valley of this tributary (Fig. [^). Both drillings 
reached a depth of 2 m, showing three depositional units (I, II, III, Fig.j^. 
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Humus cofltent 
dates classes IKA5J 

[in lu BCE, o CV 4 Tf <D 

2°' ...I 


Percussion drilling 
PiF5-2 


Unit/ 

Radiocarbon 
dates 

[in ka BCE, ^ ^ ^ 

51 “6'31.53"N 17*34’51 .92" E 2ol T i T i 


Humus conlent 
classes [KAS] 



Legend 

Stratlgraphy 

MM..% ■ Clayeyloam 
■ Loam 
^ Sandy loam 
2-4 M.-% B Sand 
iMOM .% ^ Nodala 
6-15 M,.% M Caving 

^ CuRural layer 


Features 

Roots 

# Humus lens 

"tr Ceramics/bricks 
B Charcoal 
$ Gravets 

# Stones 

X Macroplant remains 
C^*Sampte 

# Oxidation 

# Reduction 


Fig. 5 I Percussion drillings PiFs-i and PiFs-a in the south of Pielgrzymowice 5 at trench i and 2. - 
Sources: Radiocarbon ages dated at the Poznan Radiocarbon Laboratory, calibration with Calib Rev 7.0.1., 
calibration curve IntCali3 after Stuiver and Reimer 1986-2013, Stuiver and Reimer 1993! Sedimentological 
description: Ad-Floc-AG Boden 


2005 


The bottom of drilling PiF5-i (unit III), between 84 and 200 cm below surface (b.s.), is 
characterized by alternating layers made up of (i) sandy deposits and (ii) clayey loamy 
deposits, with distinct coarse-gravel contents, reduction features and small fragments of 
charcoal. In accordance to the geological map,^^ these layers are older Holocene deposits 
accumulated by the local tributary. The deposits between 64 and 84 cm b.s. (unit II) 
show two layers with particularly high humus, charcoal and ceramic contents as well as 
Oxidation features. Above these layers, between 34 and 64 cm b.s. (unit Ib), the humus and 
ceramic contents, as well as the oxidation features, decrease. The topsoil is characterized 
by a 34 cm thick plough horizon (unit la, Fig.j^. 

The bottom of drilling PiF5-2, between 98 and 200 cm b.s. (unit III), is characterized 
by relatively homogenous layers of reduced sandy deposits, which are characterized as 
younger Holocene Sediments, also accumulated by the local tributary. Between 50 and 
98 cm b.s. (unit II) the profile shows varying humus contents with charcoal fragments, 
ceramic fragments and oxidation features. In the upper meter of this profile the humus 
contents are relatively high in comparison to those in PiF5-i. From the depth of 50 cm to 
37 cm b.s. (unit Ib) the profile exhibits a continuously high humus content with distinct 
traces of oxidation, but no evidence of ceramic fragments. These layers also show distinct 
traces of oxidation. The topsoil is characterized by a 37 cm thick plough horizon (unit la). 
All Sediments in both drillings are carbonate-free (Fig.j^. 
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For the period between 400 BCE and approximately the turn of the era, the calibration 
curve bas only a sligbt inclination and several wiegles, wbicb results in relatively bigb 
ranges for tbe calibrated radiocarbon ages (Tablem. Tbus a precise ^^C-dating of tbe ar- 
cbaeological features is difficult. Tbe radiocarbon samples from tbe geomagnetic anomaly 
at drilling PiF5-i were dated to between 410 and 50 cal. BCE, taking tbe radiocarbon ages, 
Poz-58590 (deptb: 66 cm) and Poz-58506 (deptb: 83 cm) into account. For PiF5-2, tbe 
radiocarbon samples Poz-58507 (deptb: 60 cm) and Poz-58509 (deptb: 99 cm) dated tbe 
arcbaeological finds to between 380 and 40 cal. BCE (TableQ. Tbe last sample in drilling 
PiE5-2, Poz-58508 (deptb: 69 cm), does not reflect tbe Stratigraphie order and dates to 
1.540 ± 90 cal. BCE (Table[^. 

Additionally, no in-situ bog iron ores were found anywbere in tbe percussion drillings 
and Pürckbauer sondages performed at Pielgrzymowice (Pig. [^), unlike Pawlowice, 
Rycbnöw, Wilköw and Mlokicie (Pig.|^), wbere bog iron ore was found. 


No 

Sample 

Type 

Drilling 

Depth 
[in cm bs] 

Uncalibrated age 
[Ina BP] 

Calibrated age**^ 

[in cal. a BCE, la] 

I 

Poz-58590 

Charcoal 

PiFs-i 

66 

2.280 ± 40 

315 ± 100 

II 

Poz-58506 

Charcoal 

PiFs-i 

83 

2.110 ± 30 

145 ± 190 

III 

Poz-58507 

Charcoal 

PiF5-2 

60 

2.180 ± 50 

240 ±140 

IV 

Poz-58508 

Charcoal 

PiF5-2 

69 

3.270 ± 35 

1.540 ± 85 

V 

Poz-58509 

Charcoal 

PiF5-2 

99 

2.090 ± 30 

120 ± 75 


Tab. I I Radiocarbon ages of percussion drillings PiFs-i and PiF5-2 at study site Pielgrzymowice 5. - 
Sources: Calibration with Calib Rev 7.0.1., calibration curve IntCali3 aller Stuiver and Reimer 1986-2013; 
Measurement at the Poznan Radiocarbon Laboratory, Poland. 


5.2 Excavation 

Tbe trenebes opened at Pielgrzymowice during an excavation in summer 2014 allowed tbe 
acquisition of a more detailed picture of tbe site. Trencb i (deptb 55 cm b.s.) and 2 (deptb 
45 cm b.s.), wbicb were located at tbe same position as tbe radiocarbon dated drillings 
Pip5-i and Pip5-2 (Pig. [^, in particular exposed big beterogenic structures (Pig. [^. Tbe 
excavation confirmed tbat tbese structures are covered by colluvial material of at least 
40 cm tbickness. Trenebes 3 (deptb 30 cm b.s.) and 4 (deptb 30 cm b.s.) exposed two 
furnaces, two fire places and two pits. Tbe bloomery furnaces at trenebes 3 and 4 bad 
inner diameters of up to i m. Tbe excavated furnace in trencb 4 additionally bad a big flat 
stone, 70 cm in diameter, at its bottom. Trencb 5 (deptb 30 cm b.s.) contained at least six 
rectangular stoves fllled witb stones (Pig.[^). During our excavation at Pielgrzymowice 5, 
approximately 185 kg of iron slag and furtber fragments of coarse wäre were collected. 


5,3 Water samples from sub-catchment areas 

Tbe sample size of water samples was n = 14 in 2013 and n = 24 in 2014. Tbe iron and 
manganese content in tbe selected sub-catebment areas varies. Results for 2013 samples 
came in at 0.01-0.70 (ä:=o.i i) mg Pe /1 and 0.002-0.400 (x= 0.062) mg Mn/ 1 . Tbose of 2014 
at 0.10-27.30 (ä:= 1.75) mg Pe /1 and 0.020-1.500 (x= 0.289) mg Mn/ 1 . A linear correlation 
between iron and manganese contents sbows a correlation coefficient ofR=o.76 in 2013 


83 Calibration with Calib Rev 7.0.1., calibration curve IntCali3 aller Stuiver and Reimer 1986-2013. 
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Fig. 6 I House remains in in the South of Pielgrzymowice 5, trench I. 


andi?=o.6i in 2014 (Table 2; Figs.|^ and|^). Comparing the measurements sampled 
at the same sites in 2013 and 2014, the element contents show a positive correlation of 
R=o.96 for iron (Table|^ Figs.|^ and|^) and R-0.76 (Tablej^ for manganese. The field 
campaign in 2013 was conducted during a rather rainy period, with the last rainfall only 
two days before the measurements were taken, whereas the measurements in 2014 were 
taken in a rather dry period with the last rainfall four days before the measurements. 
Furthermore, the sub-catchment areas differ in size and average hillslope. 


6 Discussion 

6 .1 Field survey and excavation 

In contradiction to the AZP data, during the archaeological field campaign at Pielgrzy¬ 
mowice, iron slag sites were detected at Pielgrzymowice 4 and 5 - with most slag sites 
at Pielgrzymowice 5 - but none were found at Pielgrzymowice 6. These results are also 
confirmed by the geomagnetic prospection, which yielded clear geomagnetic structures 
only for sites 4 and 5 (Fig.[^). Interpreting the amounts of slag collected through survey 
and excavation, the smelting site of Pielgrzymowice seems to represent rather a small-scale 
iron production site. Based on the results of the five radiocarbon dating, the excavated 
remains of the trenches i and 2 in the south of Pielgrzymowice 5 can he dated to the 
period 410-50 cal. BCE (PiF5-i) and 380-40 cal. BCE (PiE5-2) and therefore from the 
middle pre-Roman to the older Roman period. The third dating at PiE5-2, within the 
ränge between 1,450 and 1,630 cal. BCE, dates from the early to the middle Bronze Age 
(Table [^. Since this sample with a relatively old date originates from a layer between 
those of the other two samples, it may be possible to ascribe the early date to an old wood 



Sample 

Geographie Coordinates 

Location 

Study site 

Campaign 2014 
[Aug 30 *'" 2014 ] 



Campaign 2013 
[Sep 17 *^ 2 , 013 ] 

Name 

WGS 1984 


Name 

Fe 

Mn 


Fe 

Mn 





[mg/1] 

[mg/1] 


[mg/1] 

[mg/1] 

WSoi 

5i°05‘3i“N, i7°45T9“E 


Rychnow 

2.30 

0.190 


0.08 

0.070 

WS02 

5i°05‘48“N, i 7 ° 45 ‘ 28 “E 


Widawa Reservoir 

27.30 

1.400 


0.70 

0.400 

WS03 

5 i°o 6 ’ 55 ”N, i 7 ° 48 ’ 36 ”E 


Baldwinowice 

0.40 

0.100 


0.03 

0.010 

WS04 

5i°07T7”N, i 7 ° 45 ’ 28 ”E 


Kowalowice 

4.00 

1.400 


O.II 

0.010 

WS05A 

5i°07T4“N, i7°45‘o9“E 


Objazda 

0.20 

0.050 


0.22 

0.005 

WS05B 

5i°07T6“N, i 7 ° 45 T 6 “E 


Objazda 

0.80 

0.180 




WS06 

5i°07‘o7“N, i 7 ° 44 ‘ 28 “E 


Objazda 

ran dry 

ran dry 


0.04 

0.004 

WS07 

5 i°io’ 35 ”N, i 7 ° 4 i’ 38 ”E 


Golebice 

0-34 

0.160 


0.04 

0.003 

WS08A 

5i°o8’43”N, i7°4i’43”E 


Agroosiedle 

0.20 

0.100 


0.03 

0.003 

WS08B 

5 i° 09 ‘o 5 “N, i 7 ° 42 ‘o 9 “E 


Agroosiedle 

0.60 

0.170 




WS09 

5i°o6’3i”N, i7°34’57”E 


Pielgrzymowice 

0.15 

0.040 


0.02 

0.004 

WSio 

5 i° 05 ’ 22 ”N, i 7 ° 36 ’ 26 ”E 


Lubska 

0.30 

0.200 


0.02 

0.080 

WSiiA 

5i°05‘o7“N, i7°39‘o5“E 


Wildow 

0.90 

1.500 


0.06 

0.270 

WSiiB 

5 i° 05 T 5 “N, i 7 ° 39 ‘o 6 “E 


Wildow 

0.40 

0.100 




WS12 

5 i°o 6 ‘ 22 “N, i 7 ° 44 ‘ 53 “E 


Jozelkow 

ran dry 

ran dry 


0.09 

0.003 

WS13 

5i°o6T7“N, i 7 ° 45 T 4 “E 


Jozefkow 

0.20 

0.100 


0.02 

0.005 

WS14 

5i°04‘27“N, i7°45‘33“E 


Kamienna 

0.70 

0.200 


O.OI 

0.002 

WS15 

5i°05‘03“N, i7°44‘33“E 


Namyslow 

0.40 

0.200 




WS16 

5i°05‘5i“N, i7°45‘4o“E 


Widawa 

0.40 

0.150 




WS17 

5i°05‘52“N, i7°45‘45“E 


Widawa Reservoir 

0.50 

0.100 




WS18 

5i°o6‘42“N, i 7 ° 46 ‘ 29 “E 


Michalice 

0.30 

0.100 




WS19 

5i°09‘oi“N, i7°44‘43“E 


Smogorzow 

0.40 

0.100 




WS20 

5i°io‘47“N, i 7 ° 42 ‘o 9 “E 


Golebice 

0.60 

0.200 




WS21 

5i°io‘47“N, i 7 ° 42 ‘ 2 i“E 


Wygoda 

0.20 

0.040 




WS22 

5i°o6‘o4“N, i 7 ° 39 ‘ 5 o“E 


Wilkdw 

0.30 

0.140 




WS23 

5i°o6‘59“N, i7°35‘32“E 


Pielgrzymowice 

O.IO 

0.020 




0 

mean 



1-75 

0.289 


O.II 

0.062 

R 

linear correlation coefficient Fe/Mn 


0.61 




0.76 

R 

linear correlation coefficient 

2013/14 Fe 




0.96 



R 

linear correlation coefficient 

2013/14 Mn 




0.76 




Tab. 2 I Iron and manganese contents in water samples of rivers and receiving waters in 2013 and 2014. 
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efFect.^"* Due to their size and shape, these structures are interpreted as parts of Former 
prehistoric pit houses (Fig.j^ with fire pits identified in a depth oFbetween 64 and 84 cm 
b.s. at PiF5-i and 50 and 98 cm b.s. at PiF5-2 (Fig.j^. Tbe Sediments above eacb oFtbese 
layers are interpreted as younger colluvial material (unit I) or pit fillings because tbey are 
non-stratified and unsorted and sbow bigb bumus contents down to a deptb oF 50 and 
64 cm b.s. (Fig. Tbe upper part oFeacb oFtbese deposits is cbaracterized by a 34 to 
37 cm tbick plougb borizon, wbicb represents tbe topsoil (unit la). 

At tbe moment, it is not possible to say wbetber tbe Furnaces at Pielgrzymowice 5 can 
also be assigned to tbe period From tbe middle pre-Roman until tbe younger pre-Roman 
period. Tbe establisbment oF a relative cbronology based on ceramics is difficult, as only 
one small ceramic Fragment witb a typical Faceted rim was Found in trencb 4, wbicb dates 
to tbe younger pre-Roman period. Altbougb tbis Fragment was Found at tbe location oF a 
trencb containing one oF tbe big Furnaces, it was collected From tbe topsoil, not From one 
oF tbe arcbaeological Features or cultural layers. Additionally, one stove can be dated, on 
tbe basis oF ceramics Featuring a distinct Foot rim, at least to tbe end oF tbe older Roman 
period (pbase Bz: 50-170 CE).TbereFore tbeyyield acbronological ränge From tbe middle 
pre-Roman period to tbe middle Roman period. Furtber radiocarbon dating oF samples 
From a smelting Furnace and stoves are in progress. 

DifFerent types oF Furnaces were used in various regions and times during tbe pre- 
Roman Iron Age: bowl Furnaces,doomed Furnaces^^ and sbaft Furnaces witb greater 
variations in size and Form.^^ Tbe Furnaces excavated at Pielgrzymowice are distinct in 
terms oFsize and construction - as in one case a big flat stone was used as a base For tbe slag 
pit oFtbe Furnace. Tbe excavated Furnaces belong to a group oFiron smelting constructions 
tbat Madera (zoo8) described as bloomery Furnaces witb a “very big” beartb.^^ In total, 
including Pielgrzymowice, zo different smelting sites witb tbis type oF Furnace bave 
been identified in Silesia.^® Nearly all oF tbem date to tbe Roman period, pbases Bz 
to Cz (50-3Z0 CE). Tbe majority oF tbem are located in settlements oF tbe middle and 
late Roman period around tbe river Oder in Upper and Eower Silesia.^^ Apart From 
Pielgrzymowice 5, tbe use oF a big stone under tbe slag pit or even oF a number oF smaller 
stones witbin tbe Furnace wall is known only From one otber site, Dobrzeri Maly.^^ Tbe 
use oF a big stone to Function as a base oF tbe Furnace pit by tbe Przeworsk culture is 
unique in Europe. Tbe rectangular structures oFtrencb 5, wbicb were identified as stoves, 
are in conflguration and sbape typical For tbe Przeworsk culture. 

6.2 Assessment of the natural resource potential 

Eor a comprebensive analysis oF tbe iron smelting site oF Pielgrzymowice, tbe natural 
resource potential was as well assessed in tbe environs oF tbis site. Altbougb most oF tbe 
vicinity oF Pielgrzymowice is cbaracterized by ratber sandy deposits, excavation trencb i 
revealed suflicient quantities oF lateral fluvial slope-wasb deposits made oFclay, wbicb are 
suitable For tbe construction oFbloomery Furnaces (Eig.j^ clayey loam in Unit III, PiF5-i). 
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As the detailed geological map indicates, those clay deposits are widespread in the study 
area. This is also true for the natural resources water and wood, the latter relevant in terms 
of charcoal as fuel. As the climate of the study area is classified as a moderate Continental 
climate, the potential natural Vegetation consists of forest areas with oak, hornheam, ash 
and pine trees^"^ and the perennial discharge of the Widawa River yielded sufficient water 
throughout a year. 

The weight of slag found during the survey and excavation at Pielgrzymowice 5 totals 
211 kg, pointing to small-scale iron production. The amount of fuel needed for smelting 
the respective amount of charcoal can he approximated on the hasis of empirical values 
measured in field experiments hy Pleiner^^ (Tahle|^. 


Ratio content 

Ratio numbers 

forest (ha) : wood (kg) 

I : 72.000^^, I : 250.000^^ 

charcoal (kg) : wood (kg) ratio 

I : 5 y^ I : 7.1^^ 

iron ore (kg) : charcoal (kg) 

I : I : 2.5I01 

crude iron (kg) : iron ore (kg) 

1:5.61^1:7.31“^!: 9 . 81^4 

crude iron : iron slag 

1 

0 

1—1 

0 


Tab. 3 I Ratios for the estimation of the natural resources fuel and iron ore. - Sources: Pleiner 2000 86, 
126-128; Dunikowski and Cabboi 1996,126, cited after Pleiner [20oo| 12 7; Cleere 1976, 240-241, cited after 
Pleiner [20oo| 127; Crew and Salter 1991, 16-17, cited after Pleiner |20oo| 126; Bielenin 1874, 194-195, cited 
after Pleiner 2000 127. 


Taking the variance of the production ratios into account, the following quantities of 
natural resources were needed to produce 210 kg of iron slag as a hy-product, in order to 
produce approximately 40 to 50 kg of sponge iron (hloom) (Tahle|^: 

• approximately 300 to 700 kg of hog iron ore (depending on the iron content as a 
quality measure of the ore) 

• approximately 300 to 1,700 kg charcoal, equivalent to hetween 1,700 and 12,000 kg 
of wood, which is equivalent to hetween o.oi and 0.17 ha of forest (Tahlej^ 

In summary, there is no question hut that the vicinity of Pielgrzymowice 5 would have 
provided sufficient wood for charcoal production to sustain iron production on such a 
small-scale. Applying the production ratios introduced ahove, Pleiner even concludes that 
seasonal small-scale iron smelting would have “no significant effect on the tree cover in 
the vicinity of hloomery ironworks’!^®^ 
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Today bog iron ores can be described as a scarce resource in tbe floodplain of tbe 
Widawa River, as in-situ bog iron ore deposits were identified only at tbe four investigated 
sites of Pawlowice, Rycbnöw, Wilköw and Miokicie (Fig. |^). However tbese results do 
not permit conclusions to be drawn about tbe availability of bog iron ore deposits at 
Pielgrzymowice during prebistory. Instead, tbey are an indication of more recent distinct 
modification of tbe landscape in tbe vicinity of Pielgrzymowice resulting from defor- 
estation, centuries of intensive agricultural usage, melioration measures and intensified 
drainage activity, in terms of construction of cbannels and artificial drainage Systems, 
which, taken together, led to a deterioration of tbe landscape’s formation conditionsd®* 
Colluvial deposits, wbicb today cover wide areas at tbe margins of tbe Widawa floodplain 

- as it bas been sbown to be tbe case for Pielgrzymowice - also impede tbe creation of 
neo-formations of bog iron ores. Tbese factors not only inbibit tbe formation of bog iron 
ores, but also lead to a degradation of previously formed deposits.In addition, it can 
be assumed tbat tbe exploitation of such deposits began in tbe Pre-Roman Iron Age, and 
was continued in subsequent cultural epocbs as well. A geocbemical and mineralogical 
analysis of bog iron ores and slag from tbe study site are a subject for supplementary 
investigations. 

Further considerations must take into account tbat tbe geogenic reserve of iron in 
tbe source areas of Quaternary deposits is not unlimited and is depleted over millen- 
nia of weatbering and subsequent solution of iron and manganese. In tbis regard, one 
sbould note, as well, tbat tbe iron and manganese contents in tbe water samples from 
tbe Widawa River and its groundwater-fed receiving streams - witb contents between 
o.oi and 0.70 mg Fe /1 in 2013 and between o.io and 27.30 mg Fe /1 in 2014 (Table 

- mostly sbow relatively low element contents. According to tbe WHO (1996), median 
iron concentrations in rivers are reported to be 0.7 mg Fe/ 1 .^^° Tbese iron contents in 
tbe Widawa samples are also of an order comparable to tbose for anotber study area 
in tbe Oder River catcbment area - to wbicb tbe Widawa River belongs - witb iron 
contents between o.oi and 1.04 mg Fe /1 at Polecko and Krajnik Dolny (Poland) in 1992, 
1996 and 2000.“^ In contrast, tbe local manganese contents - witb values between 0.002 
and 0.4 mg Mn /1 in 2013 and between 0.04 and 1.5 mg Mn /1 in 2014 - are relatively 
bigb. For manganese, tbe WHO cites a typical ränge of 0.001 to 0.2 mg Mn /1 in rivers. 
Nevertbeless, a study of tbe Serby River, also situated in tbe Oder catcbment area - witb 
iron contents between 2.1 and 39.4 mg Fe /1 and manganese contents between 0.28 and 
1.50 mg Mn/P^^ - sbows tbat iron and manganese contents in areas not known as centers 
for prebistoric iron production can also reacb similarly beigbts or be even bigber. 

It is possible tbat tbe differences between tbe mean values for tbe two measurement 
series in tbe Widawa catcbment area could be explained by tbe different weatber condi- 
tions prevailing during tbe two field campaigns: in 2013 tbe four weeks prior to tbe field 
campaign were mainly cbaracterized by rainy weatber witb partly strong rainfall events, 
wbile in 2014 tbe four weeks before tbe sampling were cbaracterized by relatively dry 
weatber conditions.^'"* Tbis suggests tbat tbe wetter conditions in 2013 lead to a dilution 
of tbe discbarge, wbile tbe bigber values in 2014 are a product of a concentration of iron 


108 Ahmad 2005 Reconstruction of canalization und redirection of river courses based on analysis of the 
following topographic maps: |Topographical map 1899I [Topographical map igizj [Topographical map 


1938 Top ographical m ap 199 2 
109 LebF^^^ 


I 19^ 

110 SheflEi' 


IW; Koschke 2002 9 


2003 


111 Adriaa nse et al. 2001 96. 

112 Sheffe rboiil 3. 

113 ZapartpooHj 2q^^__ _ 

114 Climateve.com 2013 Climateve.com 2014 






















126 


Michael Thelemann - Enrico Lehnhardt - Wiebke Bebermeier - Michael Meyer 


and manganese in the receiving waters. Therefore the measured values provide only a 
temporal Impression of the absolute iron and manganese contents in the surface waters. 

The positive correlation of the iron and manganese contents in the samples collected 
at the same sites in 2013 and 2014 (Tablej^ indicates that - despite the distinct absolute 
differences - the results of the two years are fairly comparable. This points to a constant 
spatial pattem in the variability of the iron and manganese contents of the local receiving 
waters (Tablej^ Figs.|J] and|^). At Rychnöw (sampling points WSoi and WS02) and 
Kowalowice (sampling point WS04) in the vicinity of the Michalice reservoir, the iron and 
manganese contents are relatively high. At Pielgrzymowice (sampling point WS09) and 
Lubska (sampling point WSio) in the lower reaches of the Widawa River, the iron and 
manganese contents are relatively low (Table|^. The higher iron contents in the receiving 
waters, in particular, seem to coincide with the concentration of iron slag sites in the study 
area (Fig.|^). 

As the elemental contents in the different sub-catchment areas represent only a small 
sample and higher iron (and manganese) contents only represent one indicator for char- 
acterizing favorable sub-catchment areas for bog iron ores, the spatial variability in the 
results can only he interpreted tentatively in terms of generally more and less favorable 
bog iron ore formation areas. 


7 Conclusion 

The introduction of iron smelting in the primary distribution area of the Przeworsk 
culture was investigated in a micro-region in Lower Silesia, Poland. An integrated land- 
scape archaeological approach was followed: in interdisciplinary Cooperation a mix of 
on-site and off-site investigations were performed, including archaeological surveys and 
excavations as well as geographical fieldwork, involving drillings and sondages as well 
as the analysis of Sediments and water samples. The results obtained allow results from 
previous studies to he revised in some respects and supplemented in others. The survey 
and excavation at Pielgrzymowice 5 revealed a number of slag finds, pit houses, stoves or 
fire places and two bloomery furnaces with a very big hearth, which can he associated with 
the later Przeworsk period or the Roman period of phases Bz to Cz (50-320 CE). A big 
stone as a foundation of the slag pit is a remarkable feature of the excavated furnace type. 
In contrast, the house remains excavated in excavation trench i were dated to the middle 
pre-Roman to the younger pre-Roman period and thus seem to he of slightly older age. 
These structures are overlaid by colluvial deposits, which show typical age inversions. 

The geographical investigations focus on the resource potential of the region for 
early iron smelters. They led to the conclusion that the natural resources of clay, water 
and fuel do not constitute scarce natural resources in the region. More challenging is 
the evaluation of the availability of high quality bog iron ore deposits and their formet 
spatial distribution in the fluvial valleys of the study area, e.g. due to lower groundwater 
levels resulting from modern agriculture and melioration measures. An extended field 
campaign during which percussion drilling and Pürckhauer sondages were conducted 
in the vicinity of the slag site of Pielgrzymowice 5, was not able to detect bog iron 
ore deposits on the micro-scale. On the macro-scale spatial analyses of the elemental 
composition of water samples from the Widawa and receiving waters indicate that iron 
and manganese contents are higher in the vicinity of the Michalice reservoir, than in 
the wider vicinity of Pielgrzymowice. This observation matches with a local duster of 
prehistoric slag sites in the study area, where bog iron ores were also found at the slag 
site of Rychnöw. This result is the basis for the conclusion that the glacial tili deposits of 
the study area are not completely depleted of iron and manganese and that the content 
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of these elements in the Quaternary deposits would be sufficient to sustain bog iron ore 
formation in tbe Widawa valley. 

Tbe application of tbis interdisciplinary approacb, involving dose collaboration be- 
tween prebistoric arcbaeologists and pbysical geograpbers, bas proven to be very fruitful 
wben working on tbe landscape arcbaeological topic of tbe introduction of iron smelting. 
Tbrougb tbe different perspectives and interests of tbese two scientific fields, and by 
drawing on necessary expertise of eacb field, it is possible to sbed ligbt on socio-cultural 
processes and applied prebistoric tecbnologies, as well as tbe natural conditions such as 
tbe resource potential. Exemplary of tbe way in wbicb tbis project is benefitting from its 
interdisciplinarity is tbe biending of tbe tecbniques of geomagnetic surveys, percussion 
drillings, Pürckbauer sondages and excavation trencbes, wbicb allowed an integration of 
sedimentological and arcbaeological evidence leading to: (i) a first tentative Interpretation 
of the sedimentological conditions and (ii) a preliminary association of the cultural layers 
to the Przeworsk culture with the results of absolute and relative dating complementing 
eacb other. To allude to the title of tbis special issue and to summarize our experience 
with interdisciplinary research, the challenge at the crux of an integrated approacb is 
rather being in the same boat, having everyone rowing in the same direction, than that 
of building a bridge. 
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Christina Michel - Susanne M. Hoffmann - Wolfram Schier 


Built Knowledge - Spatial Patterns and View- 
sheds of Middle Neolithic Circular Enclosures 
in the Northern Foreland of the Harz Moun¬ 
tains, Saxony-Anhalt, Germany 


After a decade of research the functions of circular enclosures of the middle Neolithic are 
still debated. In a project funded by the German Research Foundation (DFG) two of these 
roundels were excavated in Order to learn more about their structure, history of construc- 
tion, their function as well as their spatial characteristics. Based on high-resolution digital 
elevation models, possible Orientations towards topographical and astronomical features 
are systematically investigated using a GIS-based visibility analysis and a self-developed 
tool in Wolfram Mathematica. In this article preliminary results of two (partially) exca¬ 
vated roundels in the northern Forelands of the Harz Mountains are presented. 

Visibility; GIS; Skyline diagram; Kreisgrabenanlage; astronomical and topographical align- 
ments. 


I Introduction 

In our project we are rather minding the gaps^ - gaps in palisades of middle Neolithic 
circular enclosures that is. This distinctive type of monument arises with the heginning 
of the middle Neolithic (since 4900 BC) and can he found throughout Central Europe 
- occurring hetween Western Hungary and central Germany and heing incorporated in 
a ränge of different cultures. Offen featuring massive diameters, they are characterized 
hy a more or less round ground plan, concentric v-shaped ditches with one or more 
narrow entrances or causeways, and accompanying palisades around a noticeahly empty 
interior.^ Though sharing many similarities in their appearance, each roundel has its very 
own adapted construction hindering their overall interpretation.^ It appears though, that 
there might he a general idea, like a hlueprint, hehind them. Thus, their function is still 
unknown and highly dehated amongst scientists with views ranging from fortification 


We would like to thank the German Research Foundation (Deutsche Forschungsgemeinschaft/DFG) for 
the generous funding as well as the Landesamt für Denkmalpflege und Archäologie Sachsen-Anhalt for 
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“Ancient Astronomy” to transform modern star Coordinates into ancient times. The test for Gomplete Spatial 
Randomness was carried out by Norbert Anselm, M.Sc. with valuable advice from Dr. Daniel Knitter. Finally, 
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our manuscript. Gorresponding author; Christina Michel. 
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sites"* to market- and meeting places^ as they are always integrated with associated Mid¬ 
dle Neolithic Settlements. However, with their strong symmetry of layout, the distinct 
positioning of causeways and gaps in the palisades indicates a link to certain astronomic 
dates. This has heen proven for several of these monuments^ and led to the consideration 
of them as possihle astronomic ohservatories and central cult or calendar huildings.^ 
Currently, they are interpreted as multifunctional constructions predominantly used for 
cultic-religious purposes hut also performing economical, Strategie and societal tasks.^ 
Nowadays they can only he traced via aerial archaeology and geophysical prospection, 
as no remains are visihle on the surface.^ The fall of the Iron Curtain and the increased 
availahility of aerial photographs led not only to newly discovered circular enclosures hut 
also showed a concentration of these monuments in central Germany (Fig.[^. 


2 Conceptual Framework 

In a project funded hy the German Research Foundation (DFG) since 2012, two roundels 
(Quedlinburg I and Hopferstadt) have heen excavated aiming to shed light on their struc- 
ture, history of construction and use. Based in two research areas in Northern Bavaria 
and Saxony-Anhalt their location characteristics and possihle visual connections relative 
to the surrounding landscape and astronomic aspects are considered. Additionally, their 
affiliations to coeval Settlements and resulting spatial patterns are investigated. 


3 Case study: Roundels Quedlinburg I and II in the Northern 
Foreland of the Harz Mountains 

In this article first preliminary results will he presented for the research area in the north- 
ern foreland of the Harz Mountains (Saxony-Anhalt, Germany), where in the past decade 
two of these circular enclosures have heen discovered in dose proximity to each other. 
The fertile Loess soils and the mild climate in the rain shadow of the Harz Mountains 
proved favourahle for settlement since Neolithic times as documented hy a hroad ränge 
of finds (Fig.0. 

Though hoth enclosures are situated nearhy their topographic position could not he 
more different - with Quedlinburg being situated on the edge of the high terrace of 
the river Bode, 15 to 20 meters above the floodplain whilst the other enclosure, Quedlin¬ 
burg lT\ is situated on a gentle slope north of a small creek called the Zapfenbach. The 
latter was discovered during road construction works and completely excavated in 2005. 
Aerial photographs led to the subsequent discovery of QLB I in 2003. After a geophysi¬ 
cal survey,'^ the Institute of Prehistoric Archaeology of Free University Berlin has heen 
excavating the enclosure since 2010. 

Both enclosures consist of two ditches and a third incomplete one with an irregulär 
form (Fig.|^and|^. 
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Fig. I I Map of circular Palisade and Palisade-Ditch-Systems in Germany. Highlighted in black are the ones 
that were discovered after 1989, green squares indicate the location of the two research areas investigated in 
the project “Gebautes Wissen” 
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Legend 

® roundels Quedlinburg I and II 

Sites of the Stroke-Ornamented 
* Pottery Cullure (STBK) 


Loess 

Chemozem 


Fig. 2 I Map of the Middle-German Research Area with location of the roundels Quedlinburg I and 
Quedlinburg II and sites of the Stroke Ornamented Pottery Culture in the northern foreland of the Harz 
Mountains. Indicated are areas where Loess and Chernozems nowadays occur. 



Fig. 3 I Excavation plan of the roundel QLB II, light green indicates features that can be dated to the 
stroked pottery culture. 
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Fig. 4 I Plan of the geophysical 
prospection in QLB I. 



The ditch-diameters of Quedlinburg II ränge from 47 meters at the innermost ditch to 62 
meters with widths of the ditches of QLB II ranging from 1.50 to 4 meters at the internal 
ditchd^ Disruptions and segments complicate the identifications of voids in QLB II, but 
gaps in the ditches in the northwest, northeast and Southwest most likely represent cause- 
ways (Fig. [^. The enclosure Quedlinburg I shows an inner diameter of approximately 
65m and a maximum outer diameter of 98 m with ditches ranging between 2.30 and 3.60 
m in width. As the map of the geophysical survey shows, there are three causeways (Fig.|^ 
marked a, b, c) where the ditches are connected. A possible fourth causeway might have 
been present in the south- Western part of the enclosure but was, most likely, destroyed 
by backward erosion of the Bode-terrace and will he under Investigation in the next 
excavation campaigns. There are at least two more gaps in the outer ditch that do not 
have an equivalent in the inner circle (Fig. marked d and e). 

Both enclosures can he dated to the Stichbandkeramik (Stroked Pottery) Culture on the 
basis of the ceramic assemblage - with QLB I being identified as the older one. 


4 Materials and methods 

The most daring task in our project is the investigation of potential Orientations towards 
topographic and/or astronomic points from the enclosures, as this has never been done 
systematically for the German roundels. Previous studies have focussed solely on the 
results of geophysical prospections that, depending on the state of Conservation, allow 
US to estimate azimuth angles of possible causeways in the ditches. The identification of 
palisade ditches via geophysical prospection however is clearly more complicated if not 
even impossible in most cases. Certainty about the exact location of causeways and gaps 
in the palisades, assuming Windows of visibility from the roundel, can, in our opinion, 
only he obtained through excavations. 

Geographie Information Systems (GIS) and particularly visibility-analyses have been 
proven to he powerful tools in (landscape) archaeology.^"^ In ArcGIS the visibility-toolbox 
holds a variety of tools that prove useful to our research questions. Lines-of-Sight are the 
fastest way to check the intervisibility between an observer and a target and have been 
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used stating the observer height at 1.70 m and the target height at i m, that includes 
already an esdmated erosion rated^ 

For further research the tools Skyline, Skyline diagrani and Viewshed have been utilized. 
The input data consisted of a high-resolution digital elevation model with a grid size of 
one-meter, the georeferenced map of the geophysical prospection as well as the detailed 
excavation plans. Based on the excavated Features so called Windows of visibility^^ have 
been identified. Assuming that gaps in palisades, ditches and single posts most certainly 
served as blinds, visible regions of the actual horizon with the incorporated surface can 
he defined. As there are no clear indicators for a marked centre within the interior of the 
roundels, the actual position of the (assumed) observer is undisclosed. Therefore, within 
our research, we modelled dilferently defined lines of sight along the butts of ditches 
or postholes at the end of palisade ditches resulting in wider Windows of visibility for 
the viewshed analysis. Additionally, in preparation for the investigation of astronomical 
Orientations, the zenith and horizontal angles were derived from the prior computed 
skyline. 

In a next Step, the skyline of the site was modelled in Wolfram Mathematica lo.o. That 
virtual horizon is based on the elevation data of the DEM and the derived azimuthal and 
horizon angles of the gaps in the palisade. As a result we are able to obtain two skylines, 
one of the natural horizon and one of the artificial skyline of the palisades with gaps. First, 
we considered the possibility of observations of rises and settings of the sun and the moon. 
The obliquity of the ecliptic was modelled by 24.2° following the model of Laskar.^^ With 
regard to the ecliptic, the moon’s path is inclined by 4.8° to 5.2°, i.e. the northernmost 
azimuth angle of the moon is roughly 5° further north than that of the sun and the 
southernmost is about 5° further south than the southernmost angle of the sun. For 
identifying star trails that coincide with the palisade gaps, we transformed the Coordinates 
of all Stars of the Bright Star Catalogue'^ to the epoch -4700 by the AncientAstronomy 
package for Wolfram Mathematica developed in the research group Topoi Di. Afterwards 
we wrote a routine to select stars of more than 3.5 mag and with a declination that rises 
or sets in either one of the entrances. 


5 Results - Skyline Analysis of both roundels 

The resulting theoretically visible horizon^^ from the unobstructed centre of both roundels 
Stretches 40 kilometres to the west up to the highest peaks of the Harz Mountains (Fig.j^. 

In Quedlinburg I the visibility is limited in the north and northwest due to the micro- 
topography of the cretaceous Heidberg but allows a high visibility to all other orientations 
of the northern foreland of the Harz Mountains (Fig.j^ grey line) up to the Hakel (244 
m asl). The Western part of the computed visible horizon of QFB II (Fig. green line) 
basically corresponds with the one from QFB I, offering a wide-range view to the highest 
peaks and along the foothills of the Harz Mountains. The visual field north and east of the 
enclosure, though, is much more limited by the micro-topography than in Quedlinburg 
I, as the second roundel is situated closer to the Harslebener Berge. The view in the north- 
eastern direction is focused on an incision, resulting from the extensive gravel mining in 


this area, between Steinholz and Petersberg (cf Fig. 13 1. To the south the hillslopes of the 
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Fig. 5 j Computed theoretical horizons from the unobstructed centre of the roundels Quedlinburg I (grey 
line) and Quedlinburg II (green line). 


Harz Mountains are mostly visible, except for those parts of the horizon where hogbacks 
are in the way. 


6 Results - Viewshed Analysis of Quedlinburg I 

Based on the plan of the geophysical prospection io°- viewsheds were estimated (going 
from North at o degrees via East), locating the north-eastern causeway at 20 to 30 degrees, 
the south-eastern causeway at 140 to 150 degrees, a possible south-western causeway at 
215 to 225 degrees and the north-western causeway at 310 to 320 degrees. Even relying 
upon these very coarse Windows of visibility an orientation towards the neighbouring 
hillcrest is already noticeable. Düring the course of our excavations we were not only 
able to verify the causeway of the ditches but could also locate at least two palisade rings 
that allowed the calculation of a more precise viewshed through the actual gaps in the 
palisades that most certainly served as blinds. With widths of 1.50 meter at the north- 
eastern gap and 1.70 meter at the south-eastern gap the azimuth angle decreases to 2.5 
degrees and 3.5 degrees respectively. Our most recent excavation revealed an outstanding 
passage at the north-western causeww that lacks any equivalent for roundels of the type 
Eochenice-Unternberg^® so far (Eig.^. The trench Stretches along the causeway and cov- 
ers all three ditches as well as the corners and the associated palisades. What makes this 
construction significant is that both the corner pieces, indicated by post-holes, point to 
different directions forming a narrow path of hardly one-meter width. The azimuth angle 
is between 312 and 313 degrees and points directly to the highest point of the nearby 
Heidberg (Eig.|^. The north-eastern palisade causeway has an azimuth angle between 21 


20 


As defined by Podborsky|i988[ 244. 
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Fig. 6 I Plan of the 
north-western entrance of 
Quedlinburg I with two 
difFerently modelled 
lines-of-sight. 


and 23 degrees poindng to the highest peak in that direction, the Köhlerberg. The south- 
eastern causeway with azimuth angles hetween 134 and 136 degrees points to the highest 
peak in that direction: the Ruhmberg, which is located eight kilometres away. 

The very distinct construction of the north-western causeway with the respective differ¬ 
ent Orientations might also indicate an adjustment of the palisade gap during the exis- 
tence of the roundel. The resulting viewsheds prove an adjusted hias towards the Heidberg 
according to the different azimuth angles for the flanks of the palisade that now ränge 
hetween 307.5° to 312.6° at the inner palisade (Fig.|^ grey marks) and hetween 317.6° to 
323.9° at the outer palisade (Fig.j^ white marks). Whilst the flanks of the inner palisade 
orientate towards the left flank of the Heidberg, the outer palisade is orientated to the right 
flank of the Heidberg. 
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3 

^Kilometers Ruhmberg (196 m asi) 


Fig. 7 I Visible areas front the palisade-gaps of Quedlinburg I (blue fields) and adjusted viewsheds of the 
inner palisade (grey mark) and the outer palisade (white mark) of the north-western entrance according to 
the excavation results. 


It is still unclear if there was a change of beliefs, knowledge or necessities that led to 
the adaptation of the palisades. Thus, in an additional Step the gaps in the palisades 
were checked for astronomical sightings (Fig.[^. Using the visible horizon line from the 
viewsheds (black line) and integrating different palisade heights^^ (2..50 and 3.50 meters 
indicated by the grey parts) it was checked whether any of the causeways could he con¬ 
nected to solar, lunar or stellar occurrences. 

Figure[^displays the trails of the sun (orange line) and the moon (green line) depend- 
ing on the season: In summer, the sun takes its northern path, in winter the Southern 
one. The moon’s trail always covers all angles during one month. The full moon is always 
opposite the sun, which means that the full moon in winter is visible on a high trail and 
the full moon in summer is visible on a low path. The new moon is always in the vicinity of 
the sun’s trail and all other phases of the moon take place on any other of the possible trails 
in the ränge of lunar paths. That is why we do not intend to suggest the knowledge of long 
periodic cycles of the lunar orbit, like the Meton cycle of 19 years which is the return of 
the full moon to its northernmost or southernmost possible position. Instead, we can only 
draw conclusions about the observation of the sun’s and the moon’s extreme positions. 
Given the observed gaps in the palisades as shown, the paths of the sun do not emerge 
at any of them.^^ Flence, at the current state of our research we can conclude that QLB I 
was obviously not constructed to exclusively observe the sun,^^ as this could he proven for 
other roundels (e. g. Goseck). The Moon however, on its northernmost position, misses 
the northwestern gate of the roundel on his setting only slightly. It also appears that the 
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As long as there is no proof of a south-wekern entrance, where the sunset at the winter-solstice seems 
feasible. 

And therefore the seasons. 
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Fig. 8 I Horizontal profile of QLB I (black line); assumed minimal and maximal height of the palisade 
(grey) at 2.50m and 3.50m respectively and palisade gaps as evidenced by the excavations, position of the by 
Northe assumed south-western causeway (dotted blue lines), paths of the sun at solstices (orange), ränge of 
lunar paths at min/max distance from the ecliptic (green), star trail of Denebola (smaller yellow line on the 
Outside) and Orion’s Belt or Sirius (thicker yellow lines); azimuth angles from north=o° via east=90°. 



Fig. 9 I Horizontal profile of 
the north-western causeway of 
QLB I, Hypothesis 1; with 
northernmost paths of the sun 
(orange) and the moon (green) 
as well as star trails of Cassiopeia 
(yellow) and Denebola (pink). 


rising and setting of some stars (visualised by the yellow lines) might correspond with 
palisade gaps and topographic Features. As the latest excavations at the north-western 
causeway of the roundel allow us to model two differently aligned gaps in the palisade, 
this Warrants closer scrutiny being visualized in figures 9 and 10. As mentioned above, in 
both hypotheses the moonset occurs scarcely adjacent to the palisade. Whereas in phase 
2 (Fig. IO) the trail of the moon is completely missing the causeway, it can be observed in 
the gap of phase i (Fig.|^ - the moonset itself however remains invisible to the observer. 

The examination of stellar occurrences provides striking observations as the five bright 
Stars of the constellation of Cassiopeia cross both modelled palisade gaps with alpha 
Cassiopeiae, being the brightest star of the constellation, even setting in the palisade gap. 
In hypothesis 2 this star sets behind the palisade and only the two northern most stars of 
the w-shaped pattem are setting in the gate. Interestingly, it is the same constellation but 
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Fig. IO I Horizontal profile of 
the north-western causeway of 
QLB I, Hypothesis 2; with 
northernmost paths of the sun 
(orange) and the moon (green) 
as well as the northern most Star 
trails of Cassiopeia (beta&eps 
Cas, yellow) and Denebola’s star 
trail (pink); azimuth angles 
from north=o° via east=90°. 



different stars of the easily recognizable pattem which definitely had cultural meanings in 
many (later) ancient civilizations. We do not know if this has any meaning for Neolithic 
cultures and should come hack to that after having analyzed other roundels. 

In the south-eastern gate, again two options for the azimuth angles of the visihility Win¬ 
dows have heen modelled, hased on varying lines of sights due to conflicting excavation 
results. In a first scenario, the azimuth angles oscillate hetween 130° and 136°, whereas 
at a deeper stratum, the course of the palisade features seems to shift, while hecoming 
unclear at the same time, resulting in azimuth angles hetween 135° and 143°. 

Visualising the first, more northern possihility (Fig. ii 1 we find no strong evidence 


for a celestial sighting: The sun at winter solstice misses the palisade gap hy 1-2 degrees 
and the extreme position of the moon is hidden hehind the palisade. Regarding possihle 
celestial sightings there are two stars of Orion’s Belt rising in the gate. Modelling the more 
Southern Option for the gate (Fig. 121, the moon and the hrightest star of the night sky, 
Sirius, are visihly rising in the gate. That entails more questions than providing answers: 
why should they have ohserved this rising of Sirius and why should the southernmost 
rising of the moon he of interest? The moon rises at this particular azimuth angle roughly 
once a month, so it is easy to ohserve. Is it only hy accident that Sirius rises in the gap or 
is there more to it? Perhaps further investigations and comparisons of celestial sightings 
at other roundels will provide us with more information. The ohserved correlation with 
the path of Sirius is an unexpected and potentially significant discovery though. 


6.1 Results - Viewshed Analysis of Quedlinburg II 

To compute initial Windows of visihility for the neighhouring roundel QLB II, the az¬ 
imuth angles, as stated hy Northe,^"* have heen taken into consideration. Based on the exca¬ 
vation results he suggests four palisade gaps heing located at 24° (NE), hetween 128-140° 
(SE), 235° (SW) and 332° (NW).^^ We, however, use the exact azimuth angles hased on 
the flanks of the passages for our calculations, resulting in wider Windows of visihility as 
the passages are rarely aligned. 

Accordingly, the azimuth angles of the north-eastern gap ränge hetween 7 and 14 
degrees, in the south-western gate hetween 224 and 246 degrees and in the north-western 
passage hetween 311 and 338 degrees, resulting in the viewsheds shown in fig. [^( light 
green). The south-eastern passage has not heen computed due to disruptions, which made 


24 


Northe 


2012 


100. 

specify how exactly he measures the azimuth angles. 


25 He does not 
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Fig. 11 I Horizontal profile of 
the south-eastern causeway of 
QLB based on hypothesis I with 
azimuth angles between 130° 
and 136°; with southernmost 
paths of the sun (orange) and 
the moon (green) as well as star 
trails of Orion’s Belt (yellow); 
azimuth angles from north=o° 
via east=90°. 



Fig. 12 I Horizontal profile of 
the south-eastern causeway of 
QLB based on hypothesis II with 
azimuth angles between 135° 
and 143°; with southernmost 
paths of the sun (orange) and 
the moon (green) as well as star 
trails of Orion’s Belt and 
Sirius(yellow); azimuth angles 
from north=o° via east=90°. 


it impossible to detect the exact location of the passage. However, for a bettet understand- 
ing of the spatial characteristics of the roundel, the viewsheds as estimated by Northe, have 
been incorporated (Fig. dark green marks). Furthermore, special emphasis has been 
placed on feature 29i53^^hat is situated in the north-western passage between both ends 
of the ditches. With a ränge of ± 0.5 degrees at 329° it is directly orientated towards the 
highest point of the Steinholz (Fig.[^ red marks) correlating with the observations made 
at Quedlinburg I. 


If we consider the roundel QLB II without any palisades (Fig. 141, it is striking that 
the sun at winter solstice rises exactly at the mountaintop of the Helmsteinberg. With 
heavy disruptions at the position where a gap in the ditches and palisades would most 
likely be, we can only assume possible azimuth angles. The estimated position of the 
gap, according to Northe, is indicated by the perpendicular blue lines, proving that the 
assumed gate most certainly Orients to the direction of sunrise. Additionally, the sunset 
at winter solstice is observable in the Southwest gate of the palisade circle (Fig. 15 I. As a 
result, of the discovery of two connections to the sun’s path in the south, it seems very 
likely that this roundel was built to observe the winter solstice. 

It remains unclear why there was obviously no Intention to observe the summet 
solstice. The northern gates do not show any sightings of the sun or the moon. Since 
the azimuth angles of the gates in the northeast and northwest are similar to those in 
QLB I, there are similar stars which rise and set there. Again, we would find some stars 


26 Northe (unpublished) 43. 
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Fig. 13 I Visible areas front the palisade gaps of Quedlinburg II according to Northe (dark green fields) in 
comparison to our research (light green fields) with special emphasis on feature 29153 (red marks). 



Fig. 14 [ Horizontal profile of QFB II with northern most paths of the sun(orange) and the moon (green); 
azimuth angles front north=o° via east=90° without any palisades, indicated in blue is the location of the 
assunted south-eastern causeway. 


of the constellation of Cassiopeia in the gates if the view would not have heen ohstructed 
hy the micro-topography. Actually, there is no astronomical reason to construct palisade- 
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Fig. 15 I Horizontal profile of QLB II with northern most paths of the sun(orange) and the moon (green) 
and corresponding star trails (yellow); azimuth angles from north=o° via east=90° with palisades, indicated 
in blue is the location of the assumed south-eastern causeway, the dotted blue line indicates the line of sight 
from feature 29153 to the Steinholz. 



A Modem Peak of Lehofeberg 
(§) Intersection of skylines 
^ Quedlinburg I 
@ Quedlinburg II 

visible areas from skylinesntersection 

visible areas from modern peak 
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Lehofsberg 


Fig. 16 I Visible Areas from the modern peak of the Lehof and the intersection of the roundels skylines. 


gaps to these northern directions because nothing rises or sets in the north. Additionally, 
from the position of QLB II, both the Steinholz and the Petersberge are situated merely 500 
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meters north of the roundel. At a ränge that dose, an assumed palisade height of 2.5 m 
could not have served as an effective blind. 


6,2 Results of combined viewshed between both roundels 


According to the skyline analysis, the highest peaks of the Harz Mountains were (theoret- 
ically) visible from both roundels. Additionally, our research shows that both skylines 
intersect at the same place: the very distinctive Lehofsberg. Its striking yellow-coloured 
fine grain sandstone^^, having been mined for gravel since antiquity, seems to have had a 
special prominence in the area due to its appearance. Hence, an additional viewshed was 
calculated to check visible areas from the highest point of the Lehhofsberg and the place 
where both the roundels skylines intersect. 

At the intersection of both skylines only QLB II is visible, whilst from the peak of the 


Lehofsberg both enclosures can he seen (Fig. 161. Strangely enough, none of the roundel 
causeways seems to he orientated towards the hill. However, four kilometres apart, QLB 
II is situated almost exactly at an angle of 90° wesd^ of the Lehofsberg. We believe it played 
an important role in the placement of the roundels as both enclosures can he seen from 
its (supposed) peak. Unfortunately the extensive gravel mining changed the visual nature 
on the eastern slope of the Lehofsberg radically. With a massive part of the rise missing, one 
must also take the (probable) palaeorelief into consideration when calculating viewsheds. 
With the help of historical maps the deviation can he estimated which will he done in 
another step. 

Until now all the observations concerning the visibility to and from the roundels - 
both astronomically and topographically - raise more questions than providing answers. 
It can he stated though, that it seems rather unlikely that the construction of both roundels 
at their respective locations was done randomly. The clear orientation towards the highest 
peaks in the closer vicinity at both roundels shows that incorporatingthe local topography 
was crucial to the construction of roundels. 


6.3 Spatial Patterns 


We did not only focus on roundels as isolated monuments but also investigated their 
spatial relationship to coeval Settlements. Therefore, a point pattem analysis was under- 
taken. Analysing 30.000 pages from more than 100 local site-files, a total of 166 sites were 
identified that can he dated to the Stroke-Ornamented Pottery Culture. At least three of 
them appear to have a funeral context, 84 sites are characterized as stray finds and 79 are 
believed to he Settlements. 

To test the Settlements for complete spatial randomness, G-, F- and K-functions have 
been performed. The test results, plotted against the same amount of automatically gen- 
erated random points for the Complete Spatial Randomness, show that the identified 
Settlements are not randomly distributed (Fig. 171. Both the G- and the K- function show 


that the empirical values are larger than the theoretical values indicating a clustered pat¬ 
tem. The results of the F-function indicate higher theoretical values than empirical ones 
also pointing to a clustered distribution. 

Additionally, this was supported by the results of a kernel density estimation (Fig.[i^, 
which also showed that the circular enclosures are located in certain settlement clusters. 
Several test-runs with different radii have been conducted, proving that the monumental 


27 Involtus-Sandstein. 

28 Where the sun sets at equinox. 
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Fig. 17 I Results of the test for complete-spatial-randomness with G-, F-and K-function for random points 
(left) and setdement points (right). 


roundel Quedlinburg I is located in the centre of what appears to be a Settlement cluster 
whilst other enclosures in the research area seem to be isolated.^^ As clustered patterns 
might suggest a different set of structuring principles such as a tendency to locate the sites 
near to special places, this begs the question as to how those monuments were integrated 
in a potentially well-defined social structure. It is evident that the construction of such 
enormous monuments not only required a significant amount of human effort but also 


29 Like Quedlinburg II. 
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Fig. 18 I Results of the kernel-density-estimation incorporating Settlement sites of the Stroke Ornamented 
Pottery Culture in the research area. 


necessitated a high degree of organizadonal skill and a corresponding social structure 
through which to implement it. 


7 Synthesis and conclusion 

In this article preliminary results of a skyline and viewshed survey of two circular en¬ 
closures in the northern foreland of the Harz Mountains (Saxony-Anhalt, Germany) have 
heen presented. The estahlished workflow, that comprised GIS-hased skyline and visihility 
analyses as well as a self-developed routine to match possihle astronomical features to 
palisade gaps, seems promising for research questions like ours. Gonsidering previous 
studies that were offen solely hased on the results of geophysical surveys and/or rather 
coarse digital elevation models, we argue that for precise results, it is necessary to utilise 
high-resolution data. Specific features like narrow palisade gaps can offen he only oh- 
tained through excavation. Additionally, one has to take the prehistoric relief into account. 
Both our research areas are highly affected hy anthropomorphic change - he it due to 
mining that alters the appearance of whole landscapes or extensive agriculture that leads 
to erosion and suhsequently changes the elevation of surfaces and therefore our way of 
perceiving landscape. 

Still, at this point of our research, especially in regard to astronomic alignments, more 
questions arose than we are currently ahle to answer. Düring the next phase of our project 
we intend to apply our workflow to all German circular enclosures to have a valid Statisti¬ 
cal population to check patterns of corresponding astronomical and topographical prop- 
erties.^® Therehy, we hope to shed light on the question of whether they only ohserved 


30 Where data is obtainable. 
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the sun as it changed during the year, the sun and the moon to establish an astronomical 
calendar with lunar months and solar years, or even extreme positions of the moon for 
reasons as yet unknown. Additionally, we will even be able to distinguish if a systematic 
Observation of star trails had been carried out. Therefore, we will be able to estimate 
whether the German enclosures in general have a common Function to primarily observe 
the sky, as suggested by Schlosser,or if the gaps in the palisades have other Functions. 

The preliminary results of our research indicate that during middle Neolithic times, 
knowledge of the path of the sun, moon and stars may have manifested itself in the con- 
struction of roundels. The specific Orientation of gaps in the palisades to both astronomic 
and topographic sightings apparently implies that the constructions of those monuments 
is not random but follows certain patterns. Whether and to what extent the roundels 
might be indicating borders of territories or Strategie points within a Settlement duster 
will also be part of our future investigations. 

“Bridging the gap” between the humanities and natural Sciences was essential for the 
success of our research project. Though the idea for the project, the shaping of research 
questions and the application for funds was solely in the hands of archaeologists certain 
questions within the project like possible lines of sight to astronomic Features could not 
be answered without profound knowledge of astronomy. In establishing a routine for the 
calculation of solar, lunar and stellar occurrences together, we launched a successful project 
that integrates not only archaeological and geographical methods but also expertise in the 
broad field of astronomy. 

Finding a willing Cooperation partner to join an already running project with good 
levels of both interest and understanding was the hardest part followed by the time- 
consuming task of establishing a common language. Not only are there different termini 
technici between researchers of the humanities and natural Sciences but also different 
understandings of the same words. Colleagues with a mathematical background have 
a different idea about the term vector for example than a person using the same term 
in a GIS-based environment. Still, in our opinion, reflecting these differences is crucial 
for interdisciplinary projects. Hence, we would rather suggest to always minding the gap 
whilst bridging it. 
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Martin Schumacher - Brigitta Schütt - Wolfram Schier 

Near Landscapes of the Textile Revolution 


It was between the Late Neolithic and the Early Bronze Age when wool was introduced as 
raw material for textile production. It is expected that this Innovation had a comprehen- 
sive efFect on the socio-economic life of people and their environment. However, little is 
known about spatio-temporal trajectories of the process and the environmental influences 
it actually had. The approach presented demonstrates how such a comprehensive and 
complex research question may he operationalized. Decomposition of the Overall process 
and gathering of Information from different fields allows to reconstruct particular aspects 
of the phenomenon and their diachronic change. Subsequent synthesis enables addressing 
the Overall question. This paper focuses on the role of landscape within the process of 
wool sheep introduction. Besides covering the particular approach to reconstruct herding- 
related landscape changes it is shown how deeply different disciplinary approaches are 
interconnected. Finally, difficulties and constraints of data Integration are addressed. 

Chalcolithic; Early Bronze Age; Carpathians; human-environment interaction; grazing 
impact. 


I Background 

The use of wool for textile production is a several thousand years old practice. In Mesopo- 
tamia vegetal fibres have already been replaced by wool fabrics around 5000 cal yr BP 
as documented by cuneiform texts.' Yet the initial shift in economic strategies may 
have taken place much earlier: The domestication of wild sheep and goats in eastern 
Mesopotamia occurred at least between c. 11000 and 10500 cal yr BP.^ Chessae^«/. provide 
genetic evidence for the origin of wool-bearing sheep in south-west Asia and a further 
spread towards Europe, Africa and the rest of Asia.^ Sherratt links the introduction of 
wool-bearing sheep to a complex socio-economic transition process which he calls the 
“Secondary Products Revolution” taking place during the Chalcolithic period.'^ Even 
though chronological coherence of this process has been revised the view of a post- 
Neolithic advent of wool production is commonly accepted.^ However, little is known 
about the temporal and spatial spread of wool as a common raw material and triggers and 
effects of this innovation are still rather vague. The widespread introduction of the wool- 
bearing sheep and of woolly textiles constitutes a complex of issues which is connected to 
a variety of research fields. Hence, the interdisciplinary research project “Textile Revolu¬ 
tion” was established in which the disciplines of archaeozoology, prehistoric archaeology, 
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1 Waetzoldt i 

972 

4 - 

2 Zeder 

2008 

11598 

3 Chessa et al 

. 2009 

4 Sherratt|i9t 

I 


5 GreenfielcTp 

-CIO 

2 













Near Landscapes of the Textile Revolution 


163 


Near Eastern archaeology, Assyriology and physical geography cooperate to seize these 
interrelations. Data from different regions between West Asia and Central Europe are 
compiled to trace temporal and spatial aspects of the introduction of wool-bearing sheep 
and to infer causal dynamics and socio-environmental effects of the process (Eigure[^): 
Bone assemblages and particular bone measures give information about exploited animal 
species and may allow conclusions on herd structures and preferably produced products.^ 
Predominant culling of subadults indicates meat production whereas herding of adult 
animals indicates the use of secondary products. Here, the predominance of female ani- 
mals indicates milk production whereas prevailing male animals may be an indicator for 
wool production/ These compiled qualitative and semi-quantitative data provide direct 
information on sheep herding and indirect information on wool production. However, 
it is not possible to infer numbers about the scale of wool production and environmental 
causes and effects. Prehistoric textile finds as direct evidences are extremely rare because 
of the rapid decay of the material. In contrast, textile tools such as loom weights and 
spindle whorls are normally well preserved. Changes of shape and measures of these tools 
may relate to changes of production processes indicating the Start of wool production.* 
Unfortunately, the link between certain shapes of textile tools and types of processed 
fibres is not very strong. However, state of preservation and abundance of finds may 
allow to infer socio-economic information e.g. on the scale of textile production, or 
division of labor. Iconographic representations of livestock and textile-related scenes such 
as production processes may provide information on the use of wool fabrics.^ However, it 
is hard to differentiate between scenes of very particular practices and scenes of everyday 
life. Hence, such data do not provide information on scales of production and presumably 
connected effects on the environment. Written sources are the most precise information 
about ancient textile production. Exact numbers of herd sizes and amounts of produced 
textiles are documented in cuneiform texts from Ancient Mesopotamia.^® Unfortunately, 
such sources are scarce and only available for a small region and a short time window and 
reflect only certain parts of foremost elite and institutional strata of ancient society. 

The possibility of using the wool of sheep may have induced changes in husbandry in- 
cluding exploitation of formerly unused marginal areas and might have triggered changes 
in non-sedentary subsistence strategy. Assuming that increasing wool production required 
intensified sheep husbandry implies that landscape dynamics were increasingly affected 
by grazing impacts. Increasing grazing pressure ultimately leads to land degradation due 
to Vegetation disturbance and subsequent soil erosion.^' However, it is a difficult task 
to precisely attribute human-induced landscape changes to certain palaeo-environmental 
proxies and to distinguish them from climatically triggered processes. Deducing prehis¬ 
toric grazing impact of particular animals from palaeo-environmental proxies alone, how¬ 
ever, is impossible. Nevertheless, the hypothesis that the introduction of wool-bearing 
sheep led to increasing landscape disturbances can be tested using geoscientific methods. 
This addresses the quantitative aspect of the introduction of wool-bearing sheep and 
contributes to spatial and temporal aspects of the process. 

To investigate the prehistoric grazing impact the spatial focus was put on the 
Carpathian region (Eigure [^). Studies on prehistoric Settlement history and cultural 
development in the Carpathian region have a long research tradition^^. Parsons presents 
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b: Sites according to numbers: 


Elevation (m a.s.l.) 


Hungary: 1 Kelem^r Kismohos Tö (Willis et al., 1997), 2 
Nagymohos (Magyari et al., 2001), 3 Sirok N^irjes T6 
(Gardner, 2002), 4a Sarlö-Hät Wood 4b Sarlö-Hät II (Magyari 
et al., 2010), 5 Bäb Tava (Magyari et al., 2008), 6 Batörliget 
(Willis et al., 1995), 7 Keszthely (Medzihradszky 2001, 
2005): Eastern Carpathians: 8 Steregoiu (Björkmann et al., 
2003), 9 Preluca Tiganului (Feurdean, 2005), 10 Täul Mare- 
Bärdau, 11 Christina (Färca; et al., 2013), 12 Poiana Stiol 
(Tanflu et al., 2011), 13 Buhäiescu Mare (Geantä et al., 
2014), 14 Turbuta (Feurdean et al., 2007); Apuseni 
Mountains: 15 Calineasa, 16 Padis Sondori (Feurdean et 
al., 2009), 17 Molha^ul Mare (Feurdean and Willis, 2008); 
Southern Carpathians: 18 Luci (Tan(äu et al., 2014) 19 
Lake Saint Ana (Magyari et al., 2009), 20a Moho$ 1, 20b 
Moho§ 2, (Tan(äu et al., 2003), 21a Avrig 1. 21b Avrig 2 
(Tantäu et al., 2006), 22 Bisoca (Tantäu et al., 2009). 


<500 
500-1000 

I I 1000-2000 

I I >2000 

Provided proxy data 


^ Pollen data 
^ Polten, Charcoal/Cofs 
Multi Proxy data 


SRTM 500; WGS 84 


a: Study areas and short descriptions of the different projects 


W Physical Geography: Investigation of prehistoric herding-related landscape 
disturbances using published case studies on Holocene landscape development; 
major focus on pollen records, 7000 to 3000 yr cal BP. 

□ Prehistoric Archaeology: investigation of prehistoric wool Processing based on 
indirect evidence from textite-related finds; major focus on spindle whorles and loom 

K Near Eastern Archaeology: investigation of the advent of wool Processing based on 
indirect evidence from textile-related finds; major focus on textile tools and textile 


Archaeozoology: investigation of prehistoric animal production, herd sizes and 
structures based on the direct evidence of published bone assemblages; 7000 to 


Assyriology: investigation of former wool production based on written sources; major 
focus on earliest cuneiform sources, late sixth/early fifth millenium BP. 


Fig. I I Study regions and sites included in the review (see also Tab. i). 


extended consideradons about the transformation processes in the Great Hungarian Plain 
during the Late Chalcolithic'^ and studies on ®^Sr-®®Sr-ratios in dental enamel of animals 
and humans provide information on the mobility of people and animals for the post- 
Neolithic period.^“* Holocene Vegetation development in the region is documented by 
a number of well-dated pollen records. While Holocene landscape development and 
human-environment interactions in the eastern Mediterranean, as well as in central 
Europe have been extensively discussed most recently^^, Holocene environmental history 
of the Carpathian region is discussed only regionally^^, or with significantly different 
thematic foci^^. Considering case studies from the Carpathians on a large scale allows 
to address spatio-temporal trajectories within the region, as well as to relate them to the 
south-eastern and north-western adjacent regions. 

The introduction of wool-bearing sheep and the use of wool for textile production 
pose integrated questions requiring the integration of aspects referring to social as well as 
to natural dynamics. Information on herding practices and on the use of wool itself may 
rather he inferred from archaeozoological, archaeological and textual evidences. However, 
the assessment of environmental conditions Controlling the herding activities and natural 
dynamics reacting to the changing socio-economic practices are by default addressed 
by geoscientific work. Hence, to elucidate human-societal-natural interactions such as 
feed back mechanisms between the natural environment and the spread of wool-bearing 
sheep and wool as the predominant raw material for textile production, it is inevitable 
to integrate different disciplines from the humanities as well as from natural Sciences. 
In the presented paper the approach addressing the environment-related aspects of the 
introduction of the wool-bearing sheep is illustrated. Here, the role of the environment 
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is reflected as well as the adoption and operationalisation of the approach is addressed, 
rather than results of the project. 


2 The role of landscape 

Animal herding is directly interlaced with environmental as well as socio-economic 
conditions: Different natural environments provide hahitats of alternating suitahility for 
sheep grazing. People arrange different types of fand use within a cultivated area hased 
on economic considerations relating environmental conditions and transport costsd^ 
Simultaneously, grazing hahits of sheep influence the spatial aspects of herding activities. 
It is hard to evaluate the significance of the different factors determining prehistoric 
herding patterns. In particular, human hahits, decisions and herding practices are difficult 
to reconstruct for prehistoric times. Therefore, the role of landscape can only he assessed 
hased on general assumptions ahout the suitahility of landscapes for grazing, grazing 
hahits of sheep and theoretical considerations ahout land use patterns. 


2.1 Impact of grazing on the landscape 

Environmental factors such as climate, relief, hydraulic regime and Vegetation are part 
of a complex System Controlling the suitahility of regions for sheep herding and affect 
the intensity of resulting landscape dynamics; sensitivity and sustainahility of landscapes 
control the thresholds for their reactions. Climatic extreme events, frequently occurring 
as regional phenomena may trigger landscape reactions ahruptly. However, thresholds 
change in correspondence to changing environmental factors and hushandry. Addition- 
ally, the effect of grazing pressure on the degradation of the landscape might occur with a 
time lag: while increased grazing intensity enhances the vulnerahility of landscape and 
increases risks of soll degradation and soil erosion, the onset of soil degradation and 
soil erosion processes depends on the occurrence of extreme weather events - drought, 
storm or rainfall - which exceed thresholds to trigger earth surface processes.Woodland 
grazing generally inhihits rejuvenation of trees and gives relative advantage to species of 
primary forests that are ahle to grow from the stump.^° Generally, overall plant species 
richness increases on grazed areas.^' Impacts of grazing on Vegetation and soils on a 
global scale are discussed hy Milchunas and Lauenroth.^^ They conclude that plant species 
composition shows fast and net primary production shows moderately fast reactions 
on grazing while the soil nutrient pool reacts slowly, with a considerahle time-lag on 
grazing. The most productive sites show the greatest reduction in net primary production 
and forests display a generally positive change of net primary production when grazed. 
Livestock grazing leads to soil compaction and loss of vegetative cover. Suhsequently, 
deteriorated soil structure, decreasing Infiltration rates and increasing overland flow 
enhance soil erosion (Figure|^.^^ However, the impacts of annual weather fluctuations 
and long-term climatic cycles may exceed herding impacts masking the grazing effects in 
the Sediment archives.^"* Succession processes on sites with poor soils, tending to soil and 
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Fig. 2 I Schematic process of landscape degradation due to grazing (modified after Belsky and Blumenthal 

1997 ■ 


nutrient loss appear to be slower than in sink areas where eroded soils are accumulated.^^ 
It can be summarized tbat increasing grazing pressure leads to botb, subsequent and 
syncbronous environmental reactions: alteration of Vegetation composition is followed 
by a decrease of Vegetation cover and pbysical and cbemical soil deterioration enbances 
erosion processes. 

2,2 Grazing habits of sheep affecting grazing patterns 

In general, sbeep prefer berbal Vegetation wbereas goats favor buds and young leaves of 
trees. However, botb may easily adapt to different environmental conditions.^^ Summaris- 
ing, a variety of case studies Gordon et al. document tbat tbe complex spatial patterns 
of berbivore grazing are controlled by tbe distribution of preferred Vegetation.Tbese 
mecbanisms are structured by bigber levels of constraints such as distance to water and 
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shelter. On coniferous forest ränge, sheep prefer rieh meadows and forests instead of heath 
land and poor forests, whereas fallow land is most favored.^^ In an Atlantic mountain area 
of northern Spain sheep prefer grassland instead of heathland and forest.^^ On extensive 
grassland in north-western Germany, drier and nutrient poor areas are preferred instead 
of moist and productive hahitats.^® Seasonal differences in grazing patterns are mainly 
related to changing resource supply.^^ Düring the night sheep are usually kept in pens 
where they use to ruminate.^^ In accordance, mountain sheep living in the wild attend 
shelters such as forests and exposed areas during the night; upper slopes of drainage hasins 
instead of valley hottoms are preferred grazing areas and precipitous slopes and exposed 
areas are essential escape terrains.^^ This distinctly variable and a circadian rhythm fol- 
lowing hehavior of sheep living in the wild suggests that for people using simple means 
of animal keeping a partly vagrant life might have heen more suitahle for sheep keeping 
than a sedentary way of life. 


2.3 Socio-economic aspects of spatial grazing patterns 

Following the classic model of agricultural land use it can he assumed that land con- 
suming economic activities are carried out in the more marginal areas of a Settlement 
whereas lahor intensive activities are concentrated immediately around a Settlement.^'* 
Ihse documents that such agricultural structures outlasted for several hundreds of years 
in Southern and central Sweden.^^ With the land use intensification during the younger 
Funnel Beaker culture in northern Germany around 5000 yr cal BP animals were no 
longer kept in pens dose to houses but woodland pasture started in more distant areas.^^ 
Finkeistein and Gophna report economic differentiation in the Highlands of Palestine 
for the Ghalcolithic and Early Bronze Age when animal husbandry was concentrated 
in sparsely populated frontier zones of the highlands; furthermore, the authors consider 
the occupation of marginal caves during the Ghalcolithic to point to the importance of 
pastoral activities.^^ These examples indicate the significance of peripheral regions for the 
reconstruction of prehistoric grazing activities. 


2.4 Implications for the project design 

Vegetation reacts more sensitive to grazing pressure than soil stability^^ and the occurrence 
of indicator species is more clearly linked to herding impact than soil erosion^^. There- 
fore, published pollen records were chosen as the major source of Information to trace 
prehistoric grazing activities and related landscape disturbances. If available, charcoal 
and geochemical data are included in the discussion of the pollen data. Grazing habits 
of sheep and socio-economic considerations imply to choose pollen archives that are 
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located in a certain distance from settlement areas. This meets the fact that Sediment 
archives providing well preserved pollen records such as peat bogs or mountain lakes 
are often located in unsettled environments. However, it bas to be considered that these 
Sediment archives often provide only pollen from local source areas. Therefore, impacts of 
herding activities few kilometres away might not be represented in the archives any more. 
The temporal resolution and accuracy of the different data sets vary, as well as the spatial 
representation is heterogeneous. Furthermore, different numbers of proxies indicating 
herding-related landscape disturbances are published for the different sites. This implies 
a Standardisation of the data as well as a standardized evaluation of prehistoric grazing 
pressure using a consistent set of proxies. In addition, a temporal and spatial generalisation 
of the results allows to trace large-scale spatio-temporal trajectories of prehistoric herding 
indication. 


3 enidence of ancient grazing landscapes 

Evidences on Holocene landscape conditions and landscape processes in general are pro- 
vided by environmental archives. However, attributing distinct causes to certain processes 
in landscape dynamics is highly difficult."^° Even if catchment configuration is rather 
simple and the area is archaeologically well investigated, it is hard to directly relate 
phases of soll erosion to particular human activities as they might appear with a time- 
lag due to the appearance of the triggering extreme weather event.“*^ Phases of landscape 
destabilisation and soll erosion during prehistoric times are commonly attributed to 
enhanced field cultivation rather than to animal husbandry."^^ It is therefore not assumed 
that intensified herding activities during prehistoric times were intense enough to trigger 
large-scale soll erosion. However, increasing grazing pressure increased the exposure of 
the landscape to erosion processes and, thus, concurring with extreme weather events 
might have affected increased erosion rates. On the basis of Sediment texture alone a 
differentiation between soil Sediments mobilized due to husbandry from those mobilized 
due to intensive grazing is not possible. Therefore, the data Compilation mainly focuses on 
studies on Holocene Vegetation development, whereas studies on prehistoric soil erosion 
are considered secondarily. 

Increasing grazing pressure is directly reffected in density and composition of the Veg¬ 
etation cover."*^ Pollen, the most appropriate proxy to reconstruct Vegetation composition, 
are preferentially preserved under anoxic conditions. Therefore, most archives providing 
long sequences of pollen data are lakes, peat bogs, oxbows or waterlogged depressions."^ 
Representativity of pollen archives is rather variable. The reliability of the determination 
of a source area is related to basin size and type of pollen; wind as well as surface runoff 
control transport distances and directions of pollen transport.'^^ 

Indicator species may be used to infer environmental conditions and human impacts, 
although, the natural Vegetation of the investigated site always has to be considered."^^ 
Polygonum aviculare and Plantago major/media represent ruderal Vegetation and Plantago 
lanceolata and Rumex acetosa/acetosella represent pasture and meadow communities; these 
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four species are commonly interpreted as indicators for animal herding.The Tran- 
sylvanian lowlands were covered hy extensive forests during the Early and the Middle 
Holocene."^* Therefore, it can he assumed that the surroundings of the included sites 
were naturally forested during the timeslice of interest. Percentages of arhoreal and non- 
arhoreal pollen may indicate quantitative Vegetation composition representing human 
impact on Vegetation cover.'*^ Although arhoreal-non-arhoreal pollen ratios are not the 
most appropriate values to trace human impact they are the most used ones.^° Assuming 
that grazing significantly alters species composition of a given Vegetation community and 
inducing an increase of plant species, Statistical measures such as “rate of change”^' and 
“palynological richness”^^ are suitahle indicators for potentially herding-related human 
impact. Charcoal concentrations and charcoal accumulation rates indicate the impor- 
tance of forest fires; here microscopic charcoal represents regional fires and macroscopic 
charcoal indicates local and extra-local fires.^^ Including climate proxies into the analysis, 
human induced woodland hurning can he distinguished from natural forest fires. 


4 Material 

The study is hased on a Compilation of data from puhlished case studies. Articles included 
deal with sedimentary archives where human impact and especially herding triggered 
processes were identified (Tahle[^. Identifying triggers which released landscape processes 
as they can he reconstructed from Sediment archives underlies high uncertainties. The 
degree to which proxies indicating human impact are emphasized may depend on the 
ohjective of the particular case study. Thus, to compare results of a variety of case studies 
the primary data have to he evaluated and a re-evaluation will he necessary to assess the 
puhlished interpretations. Ahove it has to he considered that the significance of indicator 
species may vary according to the environmental settings of the site.^^ High temporal 
precision is required to allow a diachronic and spatially comparative analysis of landscape 
development. Thus, the focus was put on Sediment sequences from wetlands such as 
peat hogs, mountain lakes and drainless hollows providing sufficient pollen Conservation 
and reliahle age-depth modelling. Furthermore, a coherent temporal hasis of the proxy 
data is required. ages were recalihrated using IntCali3^^ and linear age-depth models 
were calculated applying Clam 2.2^^. In case a puhlished age-depth model was modified 
according to a more plausible stratigraphy it was incurred. However, temporal resolution 
of data records inherently may vary within a particular Sediment sequence as well as the 
quality of temporal representation of different Sediment sequences is not homogeneous. 
Thus, despite precise age depth modelling only tendencies of environmental changes can 
he inferred from the data and quantitative information is not derived. In order to facilitate 
the inter-site comparison of results proxy values were summarized and mean values were 
calculated for 500 years time slices. 
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** all studies provide pollen data; the term multiproxy refers to studies additionally providing geochemical data. 

*** data do not cover the whole study period from 7000 to 3000 yr cal BP due to hiatus 

Tab. I I List of included sites for assessing mid-Holocene grazing impact on the landscape in the Carpathian region (see also fig. i). 
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Secondary indicator species such as Plantago lanceolata, Plantago major/media, Poylgonum 
aviculare and Rumex acetosa/acetosella were extracted as proxies indicating animal herd- 
ing/^ Arboreal pollen values were considered as indicators for the density of canopy 
cover, condoning a high degree of uncertainties due to the large variety of influencing 
factors.^^ Nevertheless, since sheep prefer open herbaceous grounds^® it was assumed 
that increasing herding activities are related to decreasing canopy cover due to wood¬ 
land cutting and maintained by browsing. Therefore, the analysis was conducted on 
the basic assumption that with intensified herding pollen values of indicator species 
increase whereas arboreal pollen values decrease. Both proxies were combined in a fuzzy 
rule-based System and degrees of herding probability were obtained for 500 years time 
slices.^^ In addition, available proxies allowing to infer palaeo-environmental conditions 
such as “rate of change”^^, “palynological richness”^^, charcoal accumulation rates^"^ or 
geochemical indicators^^ were used to validate the results. Spatial representativity of the 
data is highly variable. Although the majority of included sites are small and reflect local 
pollen rain, the contribution of extra-local and regional pollen cannot he excluded. To 
level out this spatial inaccuracy sites were aggregated to trans-regional areas achieving a 
frame for the spatial comparison of the data (Figure|^. 


5 Traces of Prehistoric Grazing Pressure 
5.1 Literature review 

Palynological case studies from the Carpathian Basin focus on different aspects of 
Holocene environmental dynamics such as post-glacial succession processes, climate 
fluctuations, geomorphologic processes shaping landscape and human impact. None of 
the case studies identifies explicitly human-triggered landscape degradation processes for 
the mid-Holocene. Referring to modern pollen assemblages the pollen records covering 
prehistory imply that mid-Holocene grazing impact in the Carpathian region was all over 
low; even if it is assumed that indicated Vegetation disturbance was the result of human 
impact rather than of climate influences. Nevertheless, at 19 out of 23 included sites au- 
thors identify human presence and various economic activities such as animal husbandry, 
peasant farming and woodland management (Figure |^: Düring the Late Neolithic, 
human activities are evident throughout the study area, except in the Apuseni Mountains, 
where the data do not cover this period. In Hungary Late Neolithic agricultural activities 
are indicated at the sites Bäb-Tava^^ and Keszthely^^. Besides arable farming also herding 
activities are indicated at Sarlö-Hät Wood.^^ In the Eastern and in the Southern Carpathi- 
ans, unspecific human activities are mentioned by the authors.® Between 6500 and 4500 
yr cal BP human activities are largely reduced throughout the study area: at the sites Sarlö- 
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Fig. 3 I Indication of human impact as reported in the included case studies. 


Hat Wood and Bisoca impact of grazing and agricultural activities are evident^®, whereas 
at the sites Bäb-Tava, Keszthely, Täul Mare-Bärdau, Christina, Cälineasa, Molhajul Mare 
and Avrig only low and unspecific human activities are indicated^h Düring the Bronze 
Age human impact becomes increasingly significant. At least low anthropogenic activities 
are evident throughout the study area, except at the sites Moho^ and Keszthely where 
no human impact is indicated. In Hungary grazing activities are inferred at three sites^^. 
In the Eastern Carpathians, the Apuseni Mountains and in the Southern Carpathians 
herding impact is indicated at one site each7^ At all other sites human impact is related 
to arable farming, or authors do not mention specific activities. 


5.2 Source criticism 

This general overview is in accordance to the commonly accepted view that human 
activities during the Late Neolithic led to changes in landscape dynamics, whereas during 
the Chalcolithic human impact on the landscape was less significant and with the onset of 
the Bronze Age increasing human activities again triggered landscape disturbance.^"^ How- 
ever, not all included case studies focus on human impact on Holocene environmental 
dynamics and the consideration of indicators for human activities is not homogeneous. 
Hence, the Compilation of published information on human landscape disturbance 
produces neither a region-wide consistent view about prehistoric human activities in 
general nor about herding activities in particular. The application of a standardized model 
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inferring probabilities of prebistoric berding activities based on pollen data, bowever, 
gives a large-scale coberent idea of possible grazing impact. Tbougb, it is admitted tbat not 
all tbe details of tbe particular case studies can be considered. It is not assumed tbat a re- 
evaluation and syntbesis of tbe case studies proposes pbases of berding-related degradation 
processes for any of tbe studied regions. Yet, by re-evaluating all publisbed data witb a 
uniform tbematic focus and using a standardized procedure, prebistoric berding activities 
can be traced uniformly for tbe study region. 


5.3 Displaying the results of the fuzzy model 

Tbe main aspects of tbe standardized fuzzy model can be summarized as follows: Düring 
tbe Late Neolitbic moderate buman impact is evident tbrougbout tbe study area; witb tbe 
Start of tbe Cbalcolitbic period probability of berding impact increases significantly in 
tbe Southern Carpatbians and Apuseni Mountains (Figure and drops abruptly during 
tbe transition from Cbalcolitbic to Bronze Age (Figure [4 3); during tbe Middle Bronze 
Age berding indication is all over ratber low (Figure h 
bigb probability of berding impact is evident (Figure 
evidences for buman impact in tbe palynological and antbracological records of nortbern 
Bulgarian Sediment sequences: after a first grazing impact during tbe Late Neolitbic an 
expansion of ligbt-demanding and riparian trees during tbe Early Cbalcolitbic indicates 
increasing impact of grazing/^ During tbe transition from Cbalcolitbic to Bronze Age 
tbere is almost no indication for buman impact besides low evidence for pasture activities; 
between 5200 and 4200 yr cal BP indication for pastoralism again increases and between 
3400 and 3200 yr cal BP Marinova et al. identify strong evidence for buman impact as 
represented by pollen assemblages/^ 

In contrast, in nortbern Flungary tbere is almost no indication for berding impact 
during tbe Early Cbalcolitbic (Eigure|^), wbereas tbe Middle and Eate Cbalcolitbic are 
cbaracterized by increased berding (Eigure |^). An east-oriented trajectory of berding 
impact is indicated from Eake Balaton towards tbe Upper Tisza valley for tbe period 
between 5500 and 3000 yr cal BP. According to tbat, Sberratt describes increasing set- 
dement activities to tbe east beginning from c. 5500 BP.^^ Tbe sites in tbe eastern 
Carpatbians are located mostly at sub-alpine altitudes. Pollen records of tbe Sediment 
sequences indicate locally and temporally differing events of Vegetation disturbance. This 
points to Vegetation disturbance due to local buman activities. Tbe arcbives in tbe eastern 
Carpatbians are situated at marginal locations several tens of kilometres away from known 
prebistoric Settlements. Assuming tbat Vegetation disturbances were caused by buman 
activities tbis suggests a vagrant ratber tban a sedentary way of life. However, due to tbe 
bigb elevation of tbe sites Vegetation may bave reacted more sensitive to disturbances tban 
tbe Vegetation represented by tbe pollen records from lowland sites. Tberefore, indication 
of berding impact in tbis region is ratber equivocal compared to sites at lower altitudes 
in tbe soutbern Carpatbians and nortbern Hungary. 

Summarizing, it can be stated tbat tbe presumed Start of wool production between 
tbe Eate Neolitbic and tbe Early Bronze Age did not bave significant impact on landscape 
dynamics; bowever, berding-related disturbance of tbe Vegetation cover can be assigned 
to tbe relevant time frame. Even tbougb tbe introduction of wool-bearing sbeep migbt 
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have been of revolutionary character for the socio-economic life of contemporaries pro- 
nounced degradation efFects were not connected with this process. 


6 Disentangling the Textile Revolution - an inherent bridge 
between disciplines? 

6,1 Data synthesis 

The thematic complex of the project holds strong potential for integrated research across 
humanities and natural Sciences. To disentangle the complex process of the introduction 
of wool-bearing sheep and connected socio-economic as well as environmental changes, 
data from different fields and of different quality and scales need to be set in relation. 
Generating these diverse data was achieved by realising interdisciplinary research forming 
a coherent synergy. General parameters of the investigations such as chronological and 
spatial foci were determined during the conception phase and have been commonly 
adjusted during the research. This allowed performing coherent research projects within 
the different scientific fields, as well as it ensured a constructive data synthesis. Specific 
aspects related to the introduction of the wool-bearing sheep and to the advent of wool 
production are addressed by the different projects. Results for the Balkan region, such 
as shifts of general morphological parameters of spindle whorls will be set in relation 
to types of textile imprints, the representation of sheep in hone assemblages and the 
indication of herding-related Vegetation disturbance. For Western Asia, the occurrence 
of sheep-related iconographic representations will be related to written evidence of wool 
production and both will be compared to the amount of identified sheep species as 
derived from hone assemblages. Results of the data synthesis from one region may be 
transferred to another region. E. g., information derived from the combination of wool-, 
or sheep-related iconographic representations and particular shapes of spindle whorls 
with detailed information from CuneiForm texts, may allow a more accurate interpretation 
of the same type of proxies from other regions. Similarly, probability of herding activities 
as derived from pollen records will be supported by information on sheep husbandry as 
derived from hone assemblages and by information about textile production as derived 
from textile tools. It is the thematic Framework of the introduction of wool-bearing sheep 
which constitutes the bridge between the different disciplines and respective projects, 
rather than the complexity of a very particular research issue requiring interdisciplinary 
research. The results of the independent research projects are coalesced and mutually 
interpreted to produce a general output of increment value. 


6,2 Limits of the approach 

The holistic approach of the project inherits certain limits: The large-scale use of wool 
as raw material for textile production was not a local phenomenon orderly spreading 
towards the adjacent and farther regions but proceeded with regional and temporal 
variation.^^ It is therefore important to consider large spatial and temporal scales to reveal 
processes and mechanisms of this innovation. Large-scale investigations are subject to 
drawbacks such as significant reduction and generalisation of the data on-hand to be able 
to cope with the amount of available information. Furthermore, the availability of data 
becomes more and more heterogeneous with increasing scales of the studied areas and 
time periods. These problems propagate the more disciplines are comprised within the 
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Fig. 4 I Probability of grazing activities in the Carpathian region as inferred from pollen data of published 
case studies; note that indicated regions do not correspond to catchment areas of the sites. 


project. Hence, site specific details may offen not be considered and information about 
wool Processing or berding activities provided by tbe sources of one discipline may lack 
tbe Support by information from sources of otber disciplines. Tberefore, tbe data syntbesis 
will focus on general trends, ratber tban on local and detailed processes. 

Particular obstacles are inberent to tbe task of addressing landscape reaction to pre- 
bistoric grazing pressure. Wbile it is a commonly accepted view tbat tbe exploitation of 
sbeep for wool production started between tbe Late Neolitbic and tbe Early Bronze Age,*° 
tbresbolds of landscape reaction to buman activity are bigbly variable. Hence, land degra- 
dation due to large scale wool production and related grazing pressure migbt bave taken 
place long after tbe introduction of wool processing; namely wben carrying capacities 
of grazed landscapes were reacbed and grazing impact could not be compensated any 
more. Even tbougb tbe introduction of wool production may bave been of revolutionary 
cbaracter regarding socio-economic aspects, tbe impact of related animal berding on 
tbe landscape seems to bave started only afler 3000 cal yr BP.^^ Eurtbermore, spatial 
representation of landscape conditions derived from tbe different arcbives are variable 
and sites witb good pollen preservation such as mountain lakes and peat bogs are offen 
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situated in far distance from archaeological sites. If the sites are small and represent only 
the local Vegetation composition, signals of herding-related landscape disturbances from 
adjacent areas suitable for animal berding, such as gently inclined valley slopes, migbt not 
be recorded in tbe Sediments. Tbus it is possible tbat tbe de facto landscape disturbance 
connected to tbe introduction of wool processing was stronger tban it is indicated in tbe 
included Sediment records. Nevertbeless, by following a semi-quantitative approacb tbe 
probability of prebistoric berding activities during tbe time of tbe presumed advent of 
wool production could be traced on a trans-regional scale. 
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Audrey Roche 

An integrative approach for an integrated 
exploitation of natural resources: villae and 
karstic environment around Banassac (France) 
in the Roman period 


In Order to shed light on the Status and economic model of Banassac’s Early Empire terra 
sigillata workshop, systematic surveys were carried out on the karstic terrain of the area 
surrounding the town. Due to a shortage of sources, the project was carried out as an 
integrative ‘community archaeology’ project, from the definition of the scope of research 
to the drawing of conclusions and consideration of results. With the synthesis of Settlement 
dynamics from the Mesolithic times to the Middle Ages provided by the study and precise 
data about occupied sites in Roman times villae and 55 workshops), it is now possible to 
see at Banassac a villa Controlling a fundus through an integrated economic System linking 
clay, pitch and iron. 

Banassac; terra sigillata; villa; survey; community archaeology; integrative economic Sys¬ 
tem. 


I Introduction 

Known to be one of multiple terra sigillata workshops in South Gaul, like La Graufesenque 
and Le Rozier, Banassac’s workshop developed into a very large-scale producer of ceram- 
ics^ between AD 110 and 160.^ Excavation at the site, specifically that part containing the 
pottery workshops, the baths of a villa^ and a tomb,"* began in the i96os.^ Referred to in 
the relevant literature^ as a secondary agglomeration of the Early Empire, Banassac was 
thought to have been founded by potters from Ea Graufesenque.^ 

Data on the tools, workshops, rubbish heaps and typology for this ancient site were 
well published, but there had been no attempt made to synthesize Information on the 
surrounding landscape, the economic model of production, the exploitation of other 
natural resources and the Settlement pattem before and after the period of greatest activity 
in the ceramic workshops. The project’s aim was to depict the archaeological context of 
Banassac, to allow a better understanding of how and why the workshops became part 
of in the indigenous context of the Gabali people there during the decline of the terra 
sigillata workshops of Ea Graufesenque. 
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References to sites associated with the production of pine pitch and with iron,* of the 
possible relation between ceramics and pine pitcb,^ to evidence of pitcb storage in villae, 
of villae basing tbeir wealtb on timber^' and of tbe absence of any obvious evidence of an 
Early Empire agglomeration'^ led us to reconsider tbe question. Tbe possibility tbat tbe 
worksbop at Banassac was controlled by a villa, and of tbe use of an integrative economic 
model, along tbe lines of tbat associated witb iron and pitcb production in tbe Pyrenees/^ 
led to a new reading of old data and inspired a survey of a wide area surrounding tbe site, 
encompassing 12,000 bectares of forest and moorland lying between valley and plateau. 

Tbe area surveyed bad to be botb representative of tbe environment (plateau and 
valley) and clearly delimited by modern administrative boundaries due to scientific and 
administrative considerations, respectively; this led to the selection of a survey area en¬ 
compassing the entire Banassac and Ea Canourgue area,^"^ which lies between 520 and 
950 meters above sea level in the Erench Massif Central (Eig. 0 . 



Fig. I I The area surveyed 
around Banassac. 


To produce a comprehensive overview of human settlement in the area, we chose to Start 
by compiling a list of archaeological sites in the area from prehistoric periods through to 
the Middle Ages. The traditional archaeological method consists of analyzing all available 
written sources in order to build a corpus, conducting field surveys to verify data and 
identify ‘new’ sites, reviewing related artifacts held in public and private collections, and 
creating and using a database shed light on historical questions. 

The chief problem tbat arose early on in the research was a lack of sources: although 
numerous documents refer to Banassac’s workshops, they essentially concern the ceram¬ 
ics. A systematic field survey appeared to be necessary, but the forest and moorland ap- 
peared likely to make the undertaking difficult. Although some sites bad already been 
excavated, the corresponding reports are quite short. We therefore decided to structure 
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The archaeological remains of the workshops are located beneath the two modern-day villages of La 
Canourgue and Banassac. 
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this project as a ‘community archaeology’ project, drawing on the local population, and 
especially Farmers and hikers, who were able to collect interesting data. In this sense, the 
project is similar to projects carried out in the USA^^ and the United Kingdom^^ in the 
past. 

The aim of this paper,originally presented at the 6th session of LAC 2014, is to explain 
how we carried out each phase of this research, from the acquisition of data to the drawing 
of conclusions, specifically through the use of oral Interviews, field surveys and traditional 
bibliographical analyses. 


2 Structuring a database with input from such a diverse set of 
sources 

2.1 Written sources and the first corpus of sites 

First, we analyzed the historical and archaeological literature produced from the i9th 
Century up through Contemporary works, including the major authors and issues in our 
review.^^ The earliest local researchers were humanists, doctors and priests who were 
chiefly interested in historical texts, epigraphy and monuments; these researchers led the 
first archaeological excavations in Banassac. Later, geographers became interested in re- 
gion’s the caves and avens, i. e. in its speleology and geology more generally. The zoth 
Century saw the organization of research, and the Compilation of a systematic inventory 
of sites and artifacts with the aim of establishing a strong structure for the French adminis- 
tration of archaeology. After the intensive excavations of Banassac’s Roman site, additional 
excavations were undertaken in the villages and in the valley up as far as the plateau. 
Then multidisciplinary studies were conducted and, in particular, major survey campaigns 
were carried out with the construction of the A75 highway. Düring the study associated 
with those survey campaigns oral testimonies produced a great deal of data, an important 
methodological element that we decide to take further in our own research method. 

The relevant literature, ranging from the ancient sources about the Gabali people to 
the most recent archaeological reports, was entered into an Access bibliography database. 
Düring this process, it appeared judicious to list all the sites mentioned, the interpretations 
proposed and all relevant pieces of Information simultaneously, which resulted in an 
initial inventory of sites. 

The first fields that had to be created in the database were for the ‘name of the site’ 
‘locality’ data, for the ‘artifacts’ found, the data ‘sources’ and a field for possible links with 
other sites (‘notes’). This laid the Foundation for our inventory. Early on, we encountered 
Problems associated with the diversity of sources, their difiering levels of reliability, and 
the Variation in their degree of detail and precision. Reading through the primary and 
secondary sources and the excavation and survey reports from different periods, we found 
it necessary to create new fields in the database in order to enter as much data as possible, 
although many of the fields would have to remain empty for some types of documents. 

There was some ambivalence about this choice of method: might it be more efficient 
to reduce the number of fields, leaving us with fewer pieces of information overall but 
allowing us to have a Standard set of information for each source? Or would it be more 
illuminating to expand the number of fields, creating as many as were necessary to enter 
all the data yielded by all the documents, and accept the necessity to tolerate a lot of 
empty fields where there were no sources addressing certain issues? The decision was made 
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to Start by creating as many fields as necessary, try to fill them in and then to analyze 
the blanks. A great many fields were created for data as varied as ‘interpretations’ ‘links’ 
between pieces of information, ‘remarks’ about tbe current use of sites, and proximity 
to a water source or a former road. Tbe aim of tbis first inventory was to produce an 
exhaustive list of known sites and data. It appeared to be very useful to begin by creating 
fields as necessary in order to include all available data, in order to provide the Basis for a 
wider study. To decide at any moment how to deal with a particular piece of information, 
we could look back at the direct ‘source’ in the database. 


2.2 DiflFerentiating between lack of research and historically 
significant blanks 

Once we had entered the data from the literature into the tables, the database clearly 
charted research in the survey area, with some fields rieh in data and other fields empty 
for particular periods, topics or places. A wealth of data on the Roman site of Banassac 
was available, and we recognized that the emphasis during the phase of data selection 
and Interpretation would be on theoretical issues such as the definition of a ‘site! Indeed, 
dozens of individual positions of archaeological significance were linked to the topic of 
ceramic workshops, and the question was whether to count them as one site or as several 
sites. Due to past excavations of dolmens and some proto-historic sites, there was a great 
deal of data available about those sites as well. Caves, villae, proto-historic hill forts and 
tombs were also associated with a lot of precise data. 

There were also many sites in which evidence suggesting human occupation had been 
found but for which no precise data about the exact locality or description was available. 
This emerged as our second main methodological issue. More than a third of the sites, 
artifacts or data entered could not be assigned to a precise locality, and one fifth of the 
data was not reliable enough to confirm the presence of a site (e. g. it related to an isolated 
artifact or unverified oral testimony). 

The results of this first analysis of this primitive corpus determined the archaeological 
objectives for the survey phase: to systematically fill in the empty database fields for the 
sites about which not enough was known to allow them to remain in a strong corpus 
(locality, surface, artifacts found), to survey the area systematically, plot by plot, to find 
‘new’ sites, and to check public and private collections to verify data on artifacts previously 
extracted from the sites. 


2.3 Bridging the divide with the population, or how to involve 
residents in both the survey and interpretation processes 

As there were many blank fields in our database, the following methodological question 
quickly arose: “Do we aim to fill in all the blanks”? The data contained in geographicaf * 
and ethnographicaf^ literature had necessitated the addition of fields that would clearly 
remain empty for sites and phenomena that were documented only in other types of 
sources. As archaeologists, we were not at first convinced of the necessity of filling in the 
blanks for data that appeared to be ethnographic in nature: initially, we did not believe 
that these data would be useful for the archaeological interpretation, and we did not really 
know how to deal with them. Nonetheless, we proposed both options in the course of 
recruiting volunteers from the villages to participate in the systematic survey of the area. 
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and in their eyes, filling in all of the blanks was quite obviously tbe logical approacb. As 
non-arcbaeologists, tbey were naturally open to bridging tbe divide between disciplines, 
simply because tbey were quite unaware tbat was any such divide existed. In tbis context, 
tbe divide itself appeared to be one of a social nature. As tbe people responsible for botb 
tbe survey and tbe group, we understood tbat dealing witb tbe metbodological issues tbat 
migbt arise as a result of tbe cboice made by tbe community of participants was part of 
our job, if our aim was to make a genuinely collective study, as well as dealing witb tbe 
possible bias. It appeared to be a collective cboice to collect tbe maximum amount of data, 
witb participants perceiving tbat task as a cballenge bound up witb tbeir local patrimony 
and identity. Indeed, tbe participating residents clearly identified tbe past inbabitants as 
tbeir ancestors, because tbey imagined tbat tbese people lived as tbey tbemselves do now, 
and tbey tberefore saw tbe etbnograpbic literature as a major source for tbe arcbaeological 
studies, one far more important tban a traditional arcbaeological survey tbat tbey neitber 
knew about nor carried out. 

In tbat ligbt, our database, witb its dozens of empty fields, was, in fact, a map of tbe 
possible bridges between etbnograpby and arcbaeology and all of a sudden tbe blank 
fields witbin it suddenly appeared to be mucb more interesting tban tbose containing 
data. Tbis led us to tbe decision to attempt to fill in ALL tbe empty fields during our 
survey, particularly the fields created from the etbnograpbic sources, as the Basis for a 
meta-analysis of the territory from different angles. We had to pool the data acquired 
by etbnograpbic methods witb tbose acquired by arcbaeological methods, and refine 
tbese methods from an integrative point of view. The first corpus was a corpus of what 
was known; we now had to create a complete corpus of what would be known after an 
arcbaeological and ethnographical survey. Thus it would be necessary to track every piece 
of Information and to build a vocabulary list tbat would enable a real confrontation 
between the interpretative hypotheses,the visible elements and the arcbaeological reports. 


3 Data acquisition, stmcturing and selection: how to build an 
integrative but coherent and rigorous corpus 

3.1 From survey to filling in the blanks in the database: a return 
ticket between content and methodology 

The goal of the survey was to fill in as many database fields as possible for each site, so 
tbat we would know tbat each blank signified something more tban a lack of research. 
To avoid any bias in the blanks remaining after our survey, we used the ‘context’ field to 
include pieces of Information about the geographic conditions of the survey. 

There were two distinct tasks pursued during the survey: performing a systematic 
arcbaeological survey, plot by plot, using land registries and i :25,ooo maps to find as many 
sites as possible, and revisiting of sites tbat were already known for which the data sheets 
were incomplete. The survey campaign was structured as follows: an area tbat could be 
surveyed in one day was selected, in such a way tbat witbin tbat same day we could botb 
systematically survey the area to identify ‘new’ sites and check the sites, revise site entries 
and data sheets already identified as incomplete (by entering more precise location data, 
adding information about the context and the artifacts and links between sites). 

The metbodological cballenge encountered in tbis phase had to do witb the tempta- 
tion, feit at several sites, to add new fields to the data sheets during the survey to ensure 
tbat the records were indeed exhaustive or to report some interesting phenomena. We 
used the first days of surveying to refine our data sheets witb respect to the maximum 
number of useful fields. Tbis entailed returning to sites already surveyed in order to fill in 
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fields that had not existed during the initial survey visit, so we limited this process to the 
first twenty sites, chosen because they were representative of known sites. 

We also interviewed a number of tbe area’s residents,witb a particular focus on farmers 
wbo know tbe land very well and older people wbo remember tbe excavations done in 
tbe 1960s and 1970s. We boped tbat tbese interviews would belp us to identify known 
sites tbat we bad not run across during our literature searcb and to find new sites; tbis 
would clearly be a very time-consuming approacb but it also proved a very effective one. In 
addition to tbeir usefulness in confirming tbe position of sites, the interviews contributed 
to our knowledge about agricultural practices, which helped us to distinguish between 
the artifacts of archaeological sites and modern activities. Some of the interviewees spon- 
taneously offered interpretations and gave answers to issues that were of interest to us (e. g. 
why does the Roman road change direction in the absence of geographical features?). It 
became apparent that the interview process, which we had first expected to be useful only 
for localization, would be crucial for the Interpretation of hypotheses. It led us to propose 
links between oral sources and elements of Interpretation in the database, and reinforced 
the importance of tracing each source. 

This led to a very rieh and original corpus of 256 archaeological sites in the area sur- 
veyed, corresponding to two sites per square kilometer; quite a high figure in comparison 
with the current demography of the plateau (two people per square kilometer). In total, 
119 ‘new’ sites were listed, and 84 sites revisited. The ränge of sites included in the new 
corpus is quite different from the first list: the second corpus contains 15 lime kilns, all ‘new’; 
sites of iron production, almost all ‘new’; and roads, also almost all ‘new! We also listed an 
abundance of original data about the environmental context, the Vegetation, the altitude, 
water sources and access to the valley. 


3,2 Structuring the data to address Settlement dynamics and 
methodological issues 

At this Stage, the problem was to structure the pieces of information correctly in the 
database and to choose the right structure for the tables in a way that would create an 
efficient tool to answer questions on the environmental context of the sites, the possible 
links between sites, the chronological structure of sites and whether or not there were gaps 
in occupation, the type of occupation and the transformation of the visible landscape. We 
wanted to know the exact source of each piece of information, as we had data from varied 
very wide ränge of sources, from excavation reports to oral testimonies reporting about 
other oral testimonies. 

Rather than representing a precise description of the database, the database design 
chart^° (Fig. shows how we chose to structure the pieces of information we needed. 
Notice that we had to separate two tables from the main database of sites; the links be¬ 
tween the three bases are made by distinct requests and not by keys. It concerns the sources 
and the context (see the dotted lines). The ‘biblio code’ enabled us to group together 
multiple bibliographical references, such as all the references for one archaeological site, 
for example. The ‘context code’ is built in the same way and enabled us to group together 
multiple environmental elements for one archaeological site, stored in the same code. 

To link all the pieces of information, we chose to use keys (K) or external keys (EK), 
which entailed the use of a unique index (ID) for notes, minimal registration units, sites, 
interpretations, contexts, environmental elements, remains, authors, references and bibli- 
ography. 


20 Thank you to Tony Doat, PhD in Computer Science, for his help in compiling this design chart. 
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Fig. 2 I The database. 


The keys and external keys, like periods, funcdons, remains, environmental elements, 
interpretations and support, needed thesauri (Fig.j^. 

This database design makes it possible to respond to many types of queries, enough to 
answer settlement dynamics issues, bibliographical issues and requests about the artifacts 
all at the same time. It retains the links between the remains and the interpretations, the 
data and the sources. It can distinguish among multiple occupations on a single site, and 
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teil US more about the Contemporary environmental context, to test the survey techniques 
in forest and moorland areas. It localizes the site, registers its property Status and tracks 
all sources. 

3.3 Evaluating and selecting the final corpus 

Dealing with such a disparate corpus of sites, extracted from diverse sources of unequal 
quality and reliability, meant that we needed to pass the data through the filter of qual- 
ity selection. At the end of the field work, having filled in as many blanks in the fields 
for each sheet as possible, we were able to differentiate among the ‘sites’: to distinguish 
sites are clearly well documented with respect to the issue of Settlement dynamics from 
‘indications of possible sites’ which are not clear enough to be identified as sites. In this 
latter category, we included indications pointing to the existence of sites that are not very 
well localized, sites indicated in oral or written testimonies that were not sufficiently well- 
linked with tangible artifacts on the site, and sites for which only isolated indications of 
occupation were identified. 

The task of distinguishing between sites and ‘indications of possible sites’ was not 
without its methodological and theoretical problems: first, our definition of‘site’ did not 
match the definition of the French Ministry of Culture, which uses ‘entities’ as minimal 
database entries, requiring non-interrupted occupation for each site. We reconciled these 
asymmetrical concepts using the ‘interpretations’ ‘chronology’ and ‘functions’ tables. 

Another issue that had to be addressed was that of how to determine the chronolog- 
ical boundary that we would set to determine whether a phenomenon qualified as an 
archaeological element: with the case of cattle fences, for example, there are indications 
suggesting that they are of very ancient origin, but they are still used today. We decided 
to take into account sites with indications of an ancient origin, and not to consider their 
present use, but do so without ruling out the interpretational opportunities offered by 
that use. 

A lot of work then went into bringing our corpus in line with this definition of site, 
entering the data from diverse sources into the correct fields and verifying them, taking 
into account both meanings of terms as used in the source and how they corresponded 
with our thesauri. 

We then decided to eliminate some sheets that had been filled in directly from the 
Ministry of Culture archives, because these were in fact global sheets that recapitulated 
data from other distinct sheets. Finally, we eliminated sheets dealing with the Middle Ages, 
keeping only archaeological sites from Late Antiquity. This was necessary for the sake of 
coherence, otherwise the corpus would have had to be expanded to include castles and 
historical sources. The final study took into account sites from the Mesolithic period to 
Late Antiquity. 

This led to a corpus of 203 archaeological ‘sites’ and 53 ‘indications of possible sites’; 
these latter sites were not included in the Statistical analysis. 


4 From data analysis to interpretation 

Database queries enabled us to produce reports giving an overview of several thematic 
and chronological aspects.^^ 
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Chronological Periods 


Mesolithic 
Neolithic 
Bronze Age 
Iron Age 
Antiquity 
Late Antiquity 


Functions 


Habitation 

Agriculture 

Workshop 

Sepulture 

Religion 

Pastoral 

Fortification 

Transport 


Today Environmental 
Elements 


Cultivated field 
Ploughed fleld 
Grass 

Forest (plne) 
Forest (oak) 
Forest (other) 
Rocks 
Brambles 
Bush 

Dolomitic sand 
Built-up area 


Remains 


Movables 

Common Roman ceramic 
Terra Sigillata 
Protohistorlcal ceramic 
Amphora 

Pine pitch ceramic 

White terracotta from Allier 

Late Antiquity ceramic 

Brick or tile 

Mortar 

Cut stone 

Mosaic 

Mural palnting 
Marbre 

Column Fragment 
Ceramic Workshops elements 
Water pipe element 
Coin 

Millstone 
Glass 
Iron slag 
Silex 

Metal tool 
Sculpture 
Charcoal 
Bone 

Immovables 


Wall (with mortar) 

Drystone building 

Cave 

Megalith 

Altar stone 

Gravestone 

Rock 

Heap (stone and/or earth) 
Source or well 


Interpretations 


Housing 
Rock shelter 
Villa 
Cave 
Hill fort 

Secondary agglomeration 
Silex Workshop 
Ceramic workshop 
Rubblsh heap (ceramic) 
Rubbish heap (slags) 
Tumulus 
Lime kiln 

Pine pitch workshop 
Tomb 

Gravestone 

Cemetery 

Dolmen 

Menhir 

Cattle enclosure 
Landscaped source or well 
Aven 

Enclosed sinkhole 
Enclosed rock shelter 
Altar stone 
Fanum 
Chapel 

Votive deposit 
Boundary stone 
Former road 


Supports 


Article 

Book 

Report 

Oral testimony 
Letter 


Fig. 3 I The thesauri. 


4,1 Entries sorted by nature of occupation 

The first Step of interpretation led us to create the ‘Functions’field, which was characterized 
by several parameters, such as surface, artifacts and structures. At this stage, we did not take 
chronology into account, and we obtained the following results: 48% of the sites were 
inhabited, 24% had agricultural activities, 38% workshops, 28% at least one tomb, 3% a 
sacred Function, 11% evidence of cattle enclosures (which were generally identified as a 
result of oral Interviews), 5% a fortification, and 11% remains of ancient roads.^^ 


22 This last part of the study continued and is still in progress (research section; Ancient roads and paths, A. 
Roche and R Le Lay, Centre d’Etudes et de Recherches de Mende, Lozere (France)). 
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To be more precise, the ‘interpretations’ table of tbe database combines several fields 
to acbieve tbe act of interpretation. Tbrougbout tbe process, we bad to take into account 
tbe fact tbat several sites are well documented but not dated. We decided to include tbese 
in tbe collections but not in tbe final synthesis, as this was too risky (e. g. for lime kilns). 


4.2 Entries by chronology 

Front a chronological perspective, we noted tbat numerous sites were occupied during 
several periods of time, and we pre-defined tbe periods to facilitate tbe sorting and tbe 
combining operations. Roman times are well represented in tbe corpus (two thirds of tbe 
sites were occupied in tbis period), but tbe corpus also documents quite a well-preserved 
Prebistoric period (one fiftb of tbe sites were occupied in tbis period) and a proto-bistoric 
period (one tbird of tbe sites were occupied in tbis period), sbowing an important role for 
pre-Roman occupation in tbe Settlement of tbe area around Banassac. Tbe representation 
of Late Antiquity (one tbird of sites occupied in tbis period) is also quite good. Preparing 
tbe cbronological analysis led to a review of tbe interpretation of tbe 256 sites, altbougb 
tbe aim was less to concentrate on one site in particular tban to acbieve a global syntbesis. 
For tbis stage, and so as to bave a strong and reliable corpus, we only kept tbe data tbat we 
were sure about, and put data we were less certain of in tbe ‘notes’ fields. 

The chronological analysis determined tbat there is a record of the presence of humans 
in the valley and in the karstic cliffs and caves, at around 654m average altitude reaching 
back to Mesolithic times. Neolithic sites indicate a semi-nomadic way of life and the begin- 
ning of the development of agricultural planning. Some proto-bistoric sites are fortified 
and some not, and we listed many proto-bistoric tumuli. The field ‘altitude’ generated 
remarkable evidence of a perched settlement pattem for the proto-bistoric period, 200 
meters higher tban the preceding period (824m). The Roman period was associated with 
the Creation of many sites and a great deal of documentation, especially pertaining to the 
Roman villae and the workshops (for ceramics, pine pitch and iron, for example), with 
an average altitude of 776m. Tbat latter conceals two distinct groups of sites: those in the 
valley (550m) and those on the plateau (850m) (Fig. Q. Due to the lack of knowledge 
about ceramics from this period the corpus does not support a conclusion as to whether 
settlement patterns changed dramatically in Late Antiquity. 


4.3 Use of multi-criteria research to portray an integrative economic 
System at Banassac in Roman times 

Multi-criteria research led to a more precise picture of Banassac and its surroundings in the 
Roman period. The important historical issue to address was the question of the economic 
model and control of the ceramic workshops, which was already raised by Hofmann. 
According to this new study,^“* the economic System seems to be an integrative one, with 
principles of both vertical integration (control of the different production phases, trans- 
formation and distribution by central authorities, 38 villae) and horizontal integration 
(economies of scale, grouping of activities, complementarities between the waste and the 
resources of 55 workshops), linking pine pitch, iron and earth through a well-organized 
timber sector. 

The business model developed in the first centuries AD was controlled by a hierar- 
chical network of farms (4 big villae, 9 of average importance, 19 smaller-scale and 6 rural 
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Fig. 4 [ Roman workshops and 
villae around Banassac. 



- Ikm 


■ Big Villa 
• Average Villa 
^ Small exploitation 
^ Seasonal exploitation 
^ Iran Workshop 
^ Pine pitch workshop 
^ Iron and pitch together 
A Umestonekiln 
A Limestone and pitch together 


Buildings in seasonal use; although the actual number of lattermost is certain to have been 
larger, with preservation conditions responsible for the lower figure found). The villa or 
villae with central authority seem to have coordinated numerous smaller rural Buildings, 
structured difFusion near communication axes and controlled the smallest villae, which 
were dependent on the central authorities. 

This System provides stability in the supply or resources and a turnover in human 
resources, with the different workshops operating in different seasons. It enables the owner 
to optimize the exploitation of his fundus. Trunks of trees are used in the pottery kilns,^^ 
branches are used to produce pitch and charcoal, and the charcoal in bloomery-type 
furnaces to produce iron. Slag is also used in roads and embankments. Given clay and 
kilns in the valley, iron ore and forests on the plateau, and workers, it is possible to produce 
pottery, pitch and iron in optimal quantities, to enable the prices of the final products to 
he reduced, to avoid supply risks, and to enable the products to he distributed in several 
regions (Figs. [^and[6]l. 

These conclusions logically led to the possibility that Banassac was a villa, although 
researchers have traditionally viewed it as a secondary agglomeration. This possibility 
emerged from the observations that Banassac exhibits numerous elements traditionally 
thought to describe villae, and that Banassac is surrounded by a well-organized network. 
On the other hand, no proof of the presence of an agglomeration emerged from the 
data. Thus it is possible to advance the hypothesis that a villa controlled the terra sigillata 
workshops and other natural resources. 
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Fig. 5 I Horizontal Integration 
of iron ore, pitch, clay and wood 
for one kiln for one year. 



Fig. 6 I Theoretical 
optimization pattem for the 
economic System of Banassac. 


Indeed, one of the villae (La Pravive) seems to be the most important one; it owns baths^^ 
and is certainly linked with the Roman tomb^^ in the valley that stresses the position of 
the deceased as a blacksmith. From the results of this new data inventory and analysis, 
we should reconsider the question of the urban and economic Status of Banassac’s terra 
sigillata workshop, and see in its Organization one link of an integrative production chain, 
which associates iron and pitch with clay by way of the timber industry. 

Encompassing a ränge of activities, from the export of the resources to distant markets 
through to the re-use of waste at each stage of transformation and transport, this System 
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enabled the owner of the Banassac villa to set up the terra sigillata workshop during the 
decline of La Graufesenque (around iio). 

In the Foundation of Banassac’s terra sigillata workshop, we can discern the initiative of 
an owner who decides to base his wealth on the simultaneous production of pottery, iron 
and pitch, by hiring five experienced potters from La Graufesenque and by organizing his 
business model on an integrative economy around the timber industry; this economic 
strategy is based on a vertical and horizontal integration of the ratest resource - timber - 
used for pottery, pitch and iron production, via the seasonality and complementarity of 
their productions. The markets for sales of the products are different: Gaul for pitch and 
iron, and Gaul and north-eastern Limes^^ for terra sigillata. This strategy combined with the 
marketing strategy seen in the epigraphic patterns and some evidence of the deliberately 
fraudulent use of signatures^^ represent three choices made by the owner in his endeavor 
to develop his wealth. He cleverly took into account the reasons for the decline of La 
Graufesenque: certainly the lack of wood resources,^“ the lack of a good supply of clay, 
and the fierce competition from other workshops, like that at Lezoux.^' 


5 Conclusion 

The integrative and collective method meant that this karstic terrain in this area, which 
appeared to be harsh, poor and deserted, produced a potential 256 archaeological sites 
(203 sites determined with certitude and 53 with insufficient data to qualify for this study), 
corresponding to two archaeological sites per square kilometer. The surveys show no real 
obstacle to surveying in forest and moorland, but highlight the need to structure a project- 
specific method, with an associated database and survey strategy, to compensate for the 
lack of documents and the impossibility of surveying in ploughed fields. Resorting to oral 
Interviews of local residents entails the bridging of a social gap, which included the need 
to convince the official authorities, politicians and archaeologists to create a project group 
composed partially of volunteers. 

The methodological implications for the database and the approach to its completion 
were so numerous that bridging activities took place at every stage of the research, which at 
the same time contributed to the design of an appropriate methodology. The community 
archaeology project resulted in the modification of the research Framework, which had the 
scientific advantage of being as complete as possible in its description and understanding 
of the phenomena of Settlement and the use of land, which makes complete sense given 
the geographical meaning of ‘landscape! Ultimately, theoretical and epistemological is- 
sues, such as the definition of a site, the chronological limits, the approach to selecting 
relevant data extracted from so many different sources for the final syntheses, and the 
temptation feit by volunteers to model the past on their own way of living, appeared less as 
obstacles than as collective challenges. The results of the adoption of this form of research 
do not stop at the encouraging findings indicating that a broader study to include the 
valleys and the karstic plateau would be beneficial: value continues to be created, driven 
in part by the collective emergence of a consciousness of [a common local] heritage^^. 
Using an integrative approach of this kind puts the researcher in a project-management 
Position among the population, and the enquiry is no longer his/hers, but becomes a 
collective project that serves a territory as well as investigating it. Strictly in terms of the 
study of history, this study has enabled us to reassess the Status and economic model of 
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Banassac’s terra sigillata workshop, which emerges less as a secondary agglomeration of 
potters than as a villa owned by a strategist who cleverly associates the Industries of clay, 
pitch and iron to optimize bis fundus, between plateau and valley. 
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